                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

A 2 
pA Ny ie 
/ ee Ss ‘, pe 
A 43 Pe) Rw Pais 
ae ~<A CS + 
ae # ‘ a 
x 
5 s 
¢ as > 
& p< SY 
a 
2 f 
m = SS 
c faa) ¥ 
o fe) 
is ze; 
2 Sb 2 o 4 
g é oF 2 
& > 3 @ a 
# Ze 96 
Fs A n roy ; 
co D = : 
ge. 8 ¢ 36 Ria. @ 
s P- z On 
3° Se 
oO y 
3 % 
- ‘ % 
Q 4 
m 
% oh 
am 
oe 
M13 
Ep 
Pim 
cf 2 Ro 
BA Up. 
oO G “by Ss 
c 1 
7, A 
6 G p 
he Mus Ms, : 
o %, 
“2, 
M2, YL, 
% Gp Ung 
C 
S4g,, ha 


Horizons | 60°N | 40°N 


Date Standard Daylight- \ 
time saving time cy 
| ————— 
April 15 Midnight 1am 
May 1 11pm Midnight 
May 15 10pm 11pm 
june 1 9pm 10pm 
June 15 8pm 9pm 
POINTS OF REFERENCE 
20°N Zeniths + 60°N 40°N 20°N Ecliptic | 


VIRGO 


CENTAURUS 


Gacrux 


Becrux 


Si 


Hadar 


Kent. ‘aurus 


CRG MN Us 


> Rigit 


STAR MOTION 


poru™ 


CRUA 


Z Open cluster 


“© Diffuse nebula 


>) Planetary nebula 


LOOKING SOUTH 


” MAY 
SOUTHERN 


LATITUDES i Z 
2, os 
v5 m 
Moe Z Oo 
PEE. / LAN AS 
Foz ie 3 a 
ve a & a 
UY f. a iS 
Le 22 
= st 
pe “A ws 
Sey ee 3 . 
Se / 
= 7 ; 
/ \ 
= / if 
S j “we 
2) / . 
ea ay Se ee 
| | 
/ 9 23 \ 
| Sues \ j 
f a OF 2 | \ 1) . 
= | ae ae 
eS 2 ’ 3 
z ) > ci \ 
2 = ; a) 5 pe 
im os Sos ec < ie 
5 S| See tee wee 
x ai Piged eae 2 3 g 1\ 
Hn i — 
= > eri = z N 
= | —— *. 
= ae wate 
2 re) 
ey oO 
D 
\ wo / 2 
DO * ty 
5 
Zz 
ce % : 
H oo}, 
BASS 


Standard Daylight- 
time saving time 


April 15 Midnight 1am 
May 1 11pm Midnight 
May 15 10pm 11pm 

June 1 9pm 10pm | 
June 15 8pm 9pm 


POINTS OF REFERENCE 


Zeniths 


~~ 20°S —++ 40°s Ecliptic 


eo 2} 


Horizons 0° = 20°s_—‘| 40°s 


ca : S 

© Q 

; ‘ fe 

| ey xx 4 Zz = (2) 

2 =D oO ©) ; i 

% oo Ww wy 2 _ 

Boo = aD : x= 
: g & 2 = Shey : = 
foe Oia: %.& 2. ¢ e 3 
1 & eS iS) Dw ne 4 S n 

fe: [S) zo Xe pl > 4 
= 9 oa ae oO m™ 2 5 <x O x= ) oO 
mae : cs oO zs or o < 2 
\ % Seen (29) = < iv) 
= Zt) = G 3 ro} 

‘ ee 2) x = 
ote se eS Pi x Ww ° 
2 Ske a oO = (@) =! 

ASD x (s) oO” ig 

o < Oo a 

so =) 


©) variable star 


DEEP-SKY OBJECTS 
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JUNE 


The mythical hero Hercules moves into the June sky to join Bootes, 
the Herdsman, and Ophiuchus, the Serpent Bearer. Toward the end 
of the month, nights are at their shortest in the Northern Hemisphere 
and at their longest in the Southern Hemisphere. This is because on 
June 21 or 22, the Sun is at its farthest point north of the 
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Looking to the south, Hercules and Bootes 
sit high in the sky. The bright red star 
Arcturus makes kite-shaped Bootes easy 
to find, but Hercules, although large, is not 
prominent. It is best found by locating 
Vega a little way to the east. Vega is in the 
constellation Lyra and is the fifth-brightest 
Star of all, outshone in the June sky only by 
Arcturus. To the right of Vega is the body 
of Hercules. Four linked stars that form a 
distorted square called the Keystone 
represent his lower torso. His legs point 
upward, while his head dips toward the 
horizon. The globular star cluster M13 can 
just be spotted by the naked eye on a line 
linking two of the Keystone stars. 

As the evening progresses, the front 
of Scorpius, marked by the red supergiant 
Antares, rises in the southeast. In the 


celestial equator—the northern summer solstice. 


MIDNIGHT 


east, Meanwhile, the three bright stars 

of the asterism called the Summer 
Triangle can be seen. The brightest and 
highest of these is Vega; the other two are 
Deneb (in Cygnus) and Altair (in Aquila), 
which lie closer to the horizon. Looking 
north, Ursa Minor, the Little Bear, extends 
above Polaris, the Pole Star, which marks 
the tip of the bear’s tail. 

The stars of Ursa Minor have no direct 
resemblance to a bear—indeed, they take 
the form of a saucepan in profile. However, 
their shape echoes that of an asterism 
in Ursa Major called the Big Dipper (or 
the Plough)—hence the nickname the 
Little Dipper. The pan handle is the curved 
tail of the bear; the pan is the bear's 
rump. The bear is all but surrounded by 
the sinuous body of Draco, the Dragon. 


Locating the planets 
The chart below shows the 


KEY TO THE PLANETS 


positions of the planets in June 
from 2011 to 2019. The planets 
are represented by colored dots 
(see key, right), with the number 
inside each dot denoting the 
year. For all planets apart from 
Mercury, the dot indicates the 
planet's position on June 15 
Mercury is shown only when it 
is at its greatest elongation 
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In the Southern Hemisphere, Bootes and 
Hercules lie either side of due north. They 
can be found by locating the bright stars 
Arcturus (in Bootes) and Vega (in Lyra), the 
latter just peeking over the northeastern 
horizon. On the left, Bootes is upside- 


@ Mars 


down, while to the right, Hercu 


es stands 


upright, with an arm outstretch 


ed above 


Vega. H 
four sta 


s lower body is represented by the 
rs of the Keystone. The star cluster 


M13 lies on a line linking two of these stars. 


Aqui 


a and its bright star Altair are 


now in the northeast, while overhead, 


the dist 
curving 


nctive shape of Scorpius, with its 
tail and heart marked by the red 


supergiant Antares, can be clearly seen. 

Scorpius and its neighbor Sagittarius lie 
in the direction of the center of our galaxy 
and are crossed by rich star clouds 
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From here, the Milky Way flows to the 
southwest. The globular cluster Omega 
(ad) Centauri is well placed, as are the 
dark Coalsack nebula and the Jewel Box 
(NGC 4755) open cluster, both within Crux. 


The Scorpion 

The red star Antares marks the heart of Scorpius. 
The constellation’s body curves down through the 
Milky Way to the bright star clusters M6 and M7 
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JULY 


Hercules and Ophiuchus remain center stage, while Aquila, the Eagle, 
has flown into view. Southern observers are treated to the Milky Way, 
the center of which lies almost directly overhead. Cygnus, the Swan, 

is high in the sky for northern observers, as is the bright star Vega. 
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Looking north, Ursa Minor reaches up 
from Polaris, with Draco, the Dragon, 
coiling around it. Ursa Major lies to the left 
of Polaris; to the right are the mythical 
king Cepheus and his queen, Cassiopeia 


The Summer Triangle 
Deneb 


ega, and Altair form the ‘ 
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Arcturus (in Bootes), to the west, and Vega 
(in Lyra), almost overhead, are the brightest 
Stars in the July sky. Next in brightness is 
Altair in the southeast, marking the neck 
of Aquila, the Eagle. The Milky Way flows 
through Aquila to Cygnus, high in the 
east. A line of stars forms the swan’s 
body and an intersecting line its wings 
This cross shape gives it its other name, 
the Northern Cross. Cygnus’‘s brightest 
Star, the supergiant Deneb, marks its tail 
Corona Borealis, one of the smallest 
constellations, is high in the southwest 
and is flanked by Hercules and Bootes 


Ophiuchus is well placed due south, with 
Hercules above. Observers south of about 
45°N will see star-rich Sagittarius and 


Scorpius at their best above their 


southern horizons 


Locating the planets 

The chart below shows the 
positions of the planets in July 
from 2011 to 2019. The planets 
are represented by colored dots 
(see key, right), with the number 
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inside each dot denoting the year. 
For all planets apart from Mercury, 
the dot indicates the planet's 
position on July 15. Mercury 

is shown only when it is at its 
greatest elongation. 
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SOUTHERN LATITUDES | 


For southern observers, Scorpius and 
Sagittarius are almost overhead. The 
scorpion’s tail is due south, and the open 
clusters Mé and M7 are ideally placed for 
observation. The red supergiant Antares 
shines out. It is the brightest star in 
Scorpius and one of the largest stars 
visible to the naked eye. 

Sagittarius lies in the direction of the 
center of Our galaxy. It contains numerous 
deep-sky objects, including the prominent 
Starfield M24 and the Lagoon Nebula (M8), 
both of which are visible to the naked eye. 
M22, the third-brightest globular cluster, 
is also in Sagittarius; it is easy to find with 
binoculars. A group of eight stars within 
the northern reaches of Sagittarius forms 
the Teapot asterism, but it is difficult to 
pick out in this star-studded part of the 


NOON 


sky. The arc of stars at the forefeet of 
Sagittarius is easier to see. It is Corona 
Australis, the Southern Crown, and one 
of the smallest constellations of all. 

Looking north, Ophiuchus, the Serpent 
Bearer, is high in the sky; below it lies 
Hercules. Vega in the constellation Lyra 
is close to the horizon. Adjoining Lyra is 
the Northern Hemisphere constellation 
Cygnus. Observers to the north of about 
30°S are able to see the complete figure 
of the flying Swan, with Aquila, the Eagle, 
above it in the northeastern sky. 


METEOR SHOWERS 

The Delta Aquarid meteor shower 
reaches its peak around July 29. Up to 

20 rather faint meteors radiate each hour 
from the southern half of Aquarius. 
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This month, northern observers get a glimpse toward the galaxy’s 
center and are treated to the Perseid meteor shower. Sagittarius 
remains well placed for southern observers, who also have their 
best chance of observing the Dumbbell Nebula and the Ring Nebula. 


NOON 


URANUS 


NORTHERN LATITUDES — 


For observers in the Northern Hemisphere, 


the stars of the Summer Triangle lie directly 
overhead. As the sky darkens, blue-white 
Vega in Lyra is the first triangle star to 
appear. To its east is Cygnus, the Swan, 
which contains the second star, blue- 
white supergiant Deneb. The third, Altair 
in Aquila, the Eagle, is to the south. 
Sagittarius, the Archer, is a centaur—a 
mythical beast with the head and torso of 
aman and the legs and body of a horse. 
His human half is just above the southern 
horizon, while his legs are only visible to 
observers south of about 40°N. Sagittarius 
marks the center of the galaxy. Here the 
Milky Way is at its densest and brightest, 
but a dark horizon is needed to reveal the 
star-studded path. It may be easier to 

see this starry path by looking up from 


MIDNIGH 


the horizon, even though it is less bright 
at this point. The path sweeps through 
Aquila, overhead into Cygnus, and then 
on to Cassiopeia in the northeastern sky. 
As it reaches Cygnus, a dark division runs 
along the length of the Milky Way. This is 
the Cygnus Rift—an opaque cloud of dust 
that lies in the foreground relative to the 
dense Milky Way star clouds, blocking out 
much of their light. 


METEOR SHOWERS 

The Perseid meteor shower peaks around 
August 12, when up to 80 meteors an 
hour can be seen radiating from a point in 
Perseus. Although Perseus itself does not 
clear the eastern horizon before midnight, 
some pre-midnight meteors may still be 
seen from its general direction. 


Locating the planets 
The chart below shows the 


positions of the p' 


lanets in August i> i aaa [a a, 


from 2011 to 2019. The planets | © Mercury @ Mars ® Saturn © Neptune 
are represented by colored dots | @ Venus @ Jupiter @ Uranus | 
(see key, right), with the number ie een ee A au, a~ a 
inside each dot denoting the year. 
For all planets apart from Mercury, 
the dot indicates the planet's 
position on August 15. Mercury 
is shown only when it is at its 
greatest elongation 
NOON | 
| 3PM 
| MIDNIGHT soe 
| 6PM D 
9PM 4 4 
| Poe LEO 19 
: : so 
¥ a ee : *e Oe 
- ~ < sae 
OSS ai See on mae MRI ss 
sf OPHIUCHUS VIRGO Ce @ even’ 
; : ® 
CAPRICORNUS : O gD 
Sas abe Spica 
pas cm oy 1@ te tas 
es : On yg oe ye) ee tate LIBRA : : 
i) . Antares. 5 
| SAGITTARIUS Et e 
Shaula ps N 
sconrivg e ‘ 
24 ‘ rm) G 
Nv 


SOUTHE 


RN LATITUDES 


The three bright stars of the Summer 


Triangle dom 


nate the sky to the north. 


The constellation of Vulpecula, the Fox, 
between Aquila and Cygnus, contains 


the Dumbbel 
nebula that c 
binoculars. A 
the Ring Neb 
seen through 
southeast, th 
Toucan, cont 
Tucanae and 


Nebula (M27)—a planetary 
an be seen through 

nother planetary nebula, 
ula (M57) in Lyra, can be 

a small telescope. To the 


ains the globular cluster 47 
the Small Magellanic Cloud. 


The starfields of Sagittgarius are still 


high overhea 


d; from here the galaxy’s 


path flows on through Scorpius to the 


southwest, tt 


yen through Lupus to Crux 


and the southern horizon. Alpha (c) 


and Beta () 


Centauri are low on the 


southwestern horizon and mark the front 


e constellation of Tucana, the 


legs of Centaurus, the Centaur. Alpha 
Centauri, also Known as Rigil Kentaurus, 
is the third-brightest star in the sky and 
one of the closest. Beta Centauri, or 
Hadar, is eleventh-brightest. 


The Lagoon Nebula 

The bright, star-forming Lagoon Nebula is one 
of the many deep-sky objects in Sagittarius. In 
a dark sky it is visible to the naked eye 
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SEPTEMBER 


The stars of northern autumn and southern spring are now in 
place, as Capricornus and Aquarius move center stage. On the 23rd 
of this month, or occasionally on the 22nd, the Sun moves from the 
northern to the southern half of the celestial sphere. As it crosses 
the celestial equator, day and night are of equal length. 


9AM 


NOON 


NORTHERN LATITUDES 


Seen from the Northern Hemisphere, the 
zodiac constellations Capricornus and 
Aquarius lie to either side of due south. 
For those at high northern latitudes, 
September is the best time to see 
Capricornus, which is the smallest 
constellation of the zodiac and one of the 


faintest. The brightest star in Capricornus, 


Alpha (a), called Algedi, is a double star. 
Sharp eyesight or binoculars show a giant 
of magnitude 3.6, and, six times more 
distant, a supergiant of magnitude 4.3. 
Cygnus, the Swan, remains high 
overhead, where it is joined by the rising 
Pegasus, the Winged Horse. The Summer 
Triangle stars—Deneb (in Cygnus), Vega 
(in Lyra), and Altair (in Aquila)—remain in 
view to the west, but Pegasus’s presence 
in the east announces the arrival of fall. 


6AM 


MIDNIGHT 


Close to Deneb lies the large, diffuse, but 
distinctive North America Nebula NGC 
7000, which is visible through binoculars 
in dark skies. 

Looking to the north, Ursa Major, the 
Great Bear, lies beneath Polaris, the Pole 
Star, while the constellations Cepheus 
and Cassiopeia are above it. Cepheus is 
not prominent but is worth seeking out 
for Delta (6) Cephei, within the king's head. 
This star is the prototype of the Cepheid 
variables, a class of yellow supergiant 
Stars that vary in brightness as they 
change in size. As the star pulsates, its 
brightness shifts over a five-day cycle. 

Only two bright stars can be seen to 
the north. Capella (in Auriga) lies close 
to the northeast horizon. A little brighter, 
and high in the sky to the west, lies Vega. 


Locating the planets 
The chart below shows the 


@ Mars 
@ jupiter 


@ Mercury 
| @® Venus 


® Saturn 
@ Uranus 


© Neptune 


= : positions of the planets in 
September from 2011 to 2019. 
The planets are represented 
by colored dots (see key, left), 
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Capricornus and Aquarius lie high 
overhead. Neither has especially bright 
stars, but Aquarius in particular has 
objects of note. These include M2, a 
globular cluster that is easily seen through 
binoculars, and the Helix Nebula (NGC 
7293). The latter is believed to be the 
closest planetary nebula to Earth, and 


Deep-sky objects 

in Tucana 

The Small Magellanic 
Cloud and globular 
cluster 47 Tucanae 
appear to be the same 
distance away from 
us. In fact, the galaxy 
(bottom), is 210,000 
light-years away, while 
47 Tucanae (top) is just 
13,400 light-years away. 
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with the number inside each 
dot denoting the year. For all 
planets apart from Mercury, 
the dot indicates the planet's 
position on September 15. 
Mercury is shown only when it 
is at its greatest elongation. 
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appears large but diffuse in the sky, 
covering a third of the apparent width 
of the Moon. Close by is the bright star 
Fomalhaut in Piscis Austrinus. 

September offers the last chance to 
see the Summer Triangle in the northwest 
before Vega and, later, Deneb sink below 
the horizon. The path of the Milky Way can 
be seen in the western sky. Sagittarius 
remains high; below is Scorpius. Lowest 
of all are Centaurus and Crux, which are 
sinking below the southwestern horizon. 

The blue-white star Achernar is well 
placed to the southeast. At magnitude 
0.45, Achernar marks the end of the 
mythical river Eridanus. To its right is 
Tucana, the Toucan, home to the globular 
cluster 47 Tucanae (NGC 104), and the 
Small Magellanic Cloud. 
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OCTOBER 


The Andromeda Galaxy is now on view to all observers, as is the 
Great Square of Pegasus, an asterism formed by the brighter stars 
of the constellations Pegasus and Andromeda. Southern observers 
can see the Large and Small Magellanic Clouds, while Cassiopeia is 
well positioned for observers in northern latitudes. 
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URANUS 
Pegasus and Andromeda lie to either side mythological Winged Horse. Close to the 
of due south. The Winged Horse and the horse’s nose is M15, a globular cluster 
Princess are linked by the Great Square visible to the naked eye 
of Pegasus. This is formed from three Andromeda is home to the Andromeda 
stars in Pegasus and one in Andromeda, Galaxy (M31), the largest member of the 
and it defines the upper body of the Local Group galaxy cluster. Its central part 


can be seen with the naked eye, but a large 
telescope is needed for its spiral arms 
Looking north, Vega (in Lyra), Polaris, 
and Capella (in Auriga) trace a line across 
the sky, while the Milky Way is overhead 
Cepheus and Cassiopeia lie above Polaris, 
n their optimum positions for viewing 


METEOR SHOWERS 
The Orionid meteor shower peaks around 


The Great Square of Pegasus October 20, with some 25 fast meteors an 
The upper body of Pegasu formed by an asterisn 


re. Her 


lie 


to the r 


hour. It is best seen after midnight, once 


ght Orion has risen in the east 


@ Saturn 
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Locating the planets 

The chart below shows the 
positions of the planets in October 
from 2011 to 2019. The planets 
are represented by colored dots 
(see key, left), with the number 
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MIDNIGHT 


SOUTHERN LATITUDES 


Looking north, the Great Square of 
Pegasus is centrally placed. It is formed 
by three stars in Pegasus, the Winged 
Horse (to the left for southern observers), 
and one star in Andromeda, the Princess 
(to the right). The horse flies toward the 
west. His head is defined by a line of 
stars; below, two lines trace his forelegs. 
Andromeda is lower in the sky and 
to the right of Pegasus. Alpheratz, its 
brightest star, marks the Princess’s head 
and is the fourth star of the Great Square. 
The Andromeda Galaxy (M31) is in her left 
knee. This spiral—similar to but larger than 
the Milky Way and 2.5 million light-years 
away—appears as an elongated oval to 
the naked eye. Its spiral arms and two 
companion galaxies, M32 and M110, can 
be seen through a large telescope. 


inside each dot denoting the year. 
For all planets apart from Mercury, 
the dot indicates the planet's 
position on October 15. Mercury 
is shown only when it is at its 
greatest elongation. 


SCORPIUS 


A small telescope will reveal NGC 7662, 
the Blue Snowball planetary nebula, near 
Andromeda’s right hand. 

The bright star Fomalhaut in Piscis 
Austrinus, the Southern Fish, is almost 
overhead. Altair, Vega, and Deneb are 
setting in the northwest, while the 
summer constellations Taurus and Orion 
are beginning to appear in the east. Only 
one bright star, Achernar, is high above 
the horizon to the south, while four dim 
constellations depicting birds—Phoenix, 
Grus, Tucana, and Pavo—are center- 
stage. Tucana is well placed for observing 
both the Small Magellanic Cloud and the 
globular cluster 47 Tucanae, while close to 
the southeastern horizon is Dorado, home 
to the Large Magellanic Cloud—the larger 
and closer of our two companion galaxies. >> 
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Two celebrated variable stars—Mira in Cetus, the Sea Monster, 
and Algol in Perseus—are now prominent in the sky for both 
northern and southern observers. In the northern latitudes, the 
Milky Way arches overhead, while four birds herald the arrival 

of the summer stars in the south. 


3AM 
MIDNIGH 
| 6AM 
~~ Capella 
9AM “ 
ent ay Castor x 
Lies GEMINI 
| NOON xs Penn Uses. Pleiades 
” CANCE! a Ora ot ae © ae * 
: = ee 
es er ee: wen aH 
aes Se zs Betelgeuse ‘ 
a e a Procyon Bellatrix 
oe oe x es ee i 
VIRGO eo ett te 
OOO * . 
@..@ 2: “0 : cn . Rigel s 
GO ve) Bove enueus 
“LIBRA ‘ ‘i a oe, 
i SN 
\ 
: o** 
i M 
Perseus and Andromeda are now high Deneb is low in the northwest, while 
overhead, with Andromeda’s parents, the winter constellations Taurus, Gemini, 
Cepheus and Cassiopeia, away to the and Orion are rising in the southeast. 
north. Andromeda is well placed for 
observing the Andromeda Galaxy. Algol METEOR SHOWERS 
n Perseus is an eclipsing binary—a pair The Taurid meteor shower peaks in 
of stars in orbit around each other and the first week of November; the Leonid 
00 close to be seen separately, even shower peaks around November 17. 
through a powerful telescope. 


Cetus lies due south; the red giant Mira 
nthe monster's neck is a variable star 
whose brightness changes in a cycle 
asting 11 months. Pisces lies above Cetus; 
to its right is the Great Square of Pegasus. 
The Summer Triangle of Altair, Vega, and 


Leonid meteors 


The Leonid meteor shower radiates from 


Leo. Like the Taurid shower in Taurus, about 


10 meteors per hour are usually visible 


@ saturn 
@ Uranus 


@ Mars 
@ Jupiter 


MIDNIGHT 


URANUS 


SOUTHERN LATITUDES 


The constellation Cetus lies overhead, 
showcasing the variable Mira—a red giant 
whose brightness changes between 
magnitudes 3 and 10 over 11 months. 

Pisces and Aries lie either side of due 
north. Pisces, depicting two fish joined 
with a cord, is a faint constellation. Its 
brightest star, alpha (a), marks the knot 
that ties the fish together, and a telescope 
reveals it as two stars. Below Pisces 
and to the northeast are Pegasus and 
Andromeda, with the Andromeda Galaxy 
still high enough to be seen. 

November offers the chance to see 
Andromeda and Perseus together. 
Perseus, who killed the sea monster 
Cetus and prevented it from devouring 
Andromeda, is near the horizon in the 
northeast. The eclipsing binary Beta (f) 


© Neptune 


Locating the planets 

The chart below shows the 
positions of the planets in 
November from 2011 to 2019. 
The planets are represented 

by colored dots (see key, left), 
with the number inside each dot 
denoting the year. For all planets — 
apart from Mercury, the dot 
indicates the planet's position 
on November 15. Mercury is 
shown only when it is at its 
greatest elongation. 


Persei, or Algol, dips from magnitude 
2.1 to 3.4 for 10 hours out of every 69 
hours—a change visible to the naked eye. 
Achernar in Eridanus is center stage 
to the south. To its west is Fomalhaut in 
Piscis Austrinus, the Southern Fish. The 
fish is the parent of the two in Pisces, 
and the recipient of water pouring from 
Aquarius’s jug at right. Phoenix, Grus (the 
crane), Tucana (the toucan), and Pavo (the 
peacock) lie to the southwest. The Small 
Magellanic Cloud is in Tucana, and to its left 
is the Large Magellanic Cloud in Dorado. 
Canopus, the white supergiant in Carina, 
lies to the southeast, with even brighter 
Sirius (in Canis Major) rising beyond it in 
the east. The presence of Taurus, Orion, 
and Canis Major above the horizon is a 


sign that summer is approaching. » 
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OBSERVATION TIMES 


Date Standard Daylight- 
time saving time 


October 15 Midnight 1am 


November 1 11pm Midnight 
November 15 10pm 11pm 
December 1 9pm 10pm 


December 15 8pm 9pm 


POINTS OF REFERENCE 


s1ejOd 


ea Ss 
~~ 
? 
a yon see 
re) wr 
JX 
ce 
Bt 
e) 
ah 
oo 
S 
& 
» 
& am a 
oy 
rN 
: 2 
oy S 
RY 2 
9 Poe 
m * 
> 
“at 
84), Am + = 
ae %, 
Ot : 
Me 
(@) Z i 
Yy, “° 
& 
© 
& 
72, 
ep <p 
Up, 
‘Ga 
Mage. "3e 
M33 
M35 
Co v 
SE 
My, Yin, 
g 
Pa Cay. 


20°N 


Horizons | 60°N 


Zeniths -f- 60°N 


oO 
‘ > 
EC OS 
A 4% SS 
a ee 
. 
(o & 
ve Z, 
bite Sears 
aS oO 
9 
wo 


STAR MOTION 
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LOOKING SOUTH 


xf Open cluster 
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©) Planetary nebula 
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OBSERVATION TIMES 


Date Standard Daylight- 
time saving time 


October 15 Midnight 1am 
November 1 11pm Midnight 
November 15 10pm 11pm 
December 1 9pm 10pm 
December 15 8pm 9pm 
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DEEP-SKY OBJECTS 


DECEMBER 


Taurus and Orion return to center stage as the year draws to a 
close. The Sun is at its farthest point south of the celestial equator 
around December 21-22. In the Northern Hemisphere this is the winter 
solstice, when the nights are their longest. In the Southern Hemisphere, 
it is the summer solstice, when the nights are at their shortest. 
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The stars of winter occupy half the view overhead, and brilliant-white Sirius, the 
to the south. Taurus leads the way and brightest star of all, is near the southeast 
S almost due south, while Orion is in the horizon. The water constellations, Pisces, 
southeast, and Gemini is in the eastern the Fish, and Cetus, the Sea Monster, sink 
sky. Two particularly bright stars are toward the western horizon. The stars of 
visible: yellow Capella, in Auriga, is almost Taurus depict a bull’s head and shoulders, 
with the V-shaped Hyades open cluster 
narking its face and the bright red giant 


Aldebaran its eye. A second cluster, the 
leiades (M45), marks the bull’s back. 
To the north, both Ursa Major and Ursa 
inor are below Polaris; Andromeda and 
Perseus remain overhead. A knot of light 
n Perseus’s hand is the Double Cluster 


METEOR SHOWERS 

Double Cluster The Geminid meteor shower reaches its 
fe eager ees nem at N peak on December 13, when up to 100 
tains hundreds of stars meteors can be seen each hour 


@ Mars 
@ Jupiter 


@ Saturn 
@ Uranus 


@ Mercury 
@® Venus 


MIDNIGHT 


<a ee eee we 


SOUTHERN LATITUDES _ 


Looking north, the spring constellations 
Aquarius, Pisces, and Pegasus are moving 
toward the western horizon as the 
summer stars rise in the east. The inverted 
figure of Orion, the Hunter, announces 
that summer is almost here. It is flanked 
by Taurus to its lower left and Canis Major 
to the right. Below lies the constellation 
Gemini, the Twins. Castor and Pollux, the 
two bright stars marking their heads, are 
near the northeastern horizon. 

Taurus is the front portion of a bull, 
which, from southern latitudes, is seen 
facing east. Its shoulders and head are 
close to the horizon, and its forelegs point 
upward. The Pleiades open cluster (M45) 
marks the bull’s shoulder. Six of its stars 
are discernible to the naked eye, but the 
keen-sighted may see seven, explaining 


© Neptune 


Locating the planets 

The chart below shows the 
positions of the planets in 
December from 2011 to 2019. 
The planets are represented 

by colored dots (see key, left), 
with the number inside each dot 
denoting the year. For all planets 
apart from Mercury, the dot 
indicates the planet's position 
on December 15. Mercury is 
shown only when it is at its 
greatest elongation. 


the cluster’s alternative name, the Seven 
Sisters. Many more Stars are visible with 
optical aid. The bull's face is formed of a 
second V-shaped cluster, the Hyades, of 
which more than a dozen stars, as well 
as the unrelated red giant Aldebaran, 
are visible to the naked eye. 
The meandering path of Eridanus, 
the River, can be traced from Orion's bright 
Star, Rigel, overhead toward the southern 
horizon, stopping at Achernar to the right 
of due south. Brilliant-white Canopus 
(in Carina) lies to the left of Achernar. 
Between them, but closer to the horizon, 
are the Large and Small Magellanic Clouds. 
The brightest star of all, Sirius in Canis 
Major, shines high in the east, forming one 
corner of a triangle of stars with Betelgeuse 
in Orion and Procyon in Canis Minor. » 
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Standard _ Daylight- 
time saving time 


November 15 Midnight 1am 
December 1 11pm Midnight 


December 15 10pm 11pm 
January 1 9pm 10pm 


January 15 8pm 9pm 
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CONSTELLATIONS 


The sky in Portugal, with Orion at the top of image, Taurus in the center, and Mars at I 


HOW TO USE THIS SECTION 


This section contains profiles of the 88 internationally recognized 
constellations. These are arranged by the constellations’ position 
in the sky, starting with those at or near the north celestial 
pole and ending those at the southern pole. 


Constellation profiles 
Each entry contains a chart of the constellation not visible 1 
This shows all stars brighter than magnitude 6.5, 


with labels for stars brighter than magnitude 5 partially = 
A selection of deep-sky objects is also shown visible 
The text describes the constellations’s origin, 
explains how to find it, and lists the main visible — 
objects of interest for amateur observers. 
stars numbered Visibility 


in order of right name of hours of right 


Key Pe ee ; . A world map shows the latitudes 
ascension (p.17) constellation ascension 


at which the constellation is visible, 
partially visible, or not visible at all 


_ Greek letters constellation data 
identify the (see key on p.5) 
* brightest stars 
* 
y 
Wk — constellation 
a pags ms border 
PHIUCHU: 
- 
a0. H sketch of the 
eee object or person 
fer / \ repr ited by 
/ the constellation 1 
wf 
| 7: Anteres 
, t F t possessive Case 
YeBOP 2 ae i Ecbasens oe and standard 
SCORPIUS | E abbreviation for 
es oe reel constellation name 
degrees of deep-sky 
declination object tars in constellation 
(p.17) pattern 
THE GREEK ALPHABET 


On most charts, some stars are identified by Greek 
letters. A constellation’s brightest star is usually labeled 
Alpha, the second brightest Beta, and so on (see p.24) 


Photographs 
yme entries include a photograph 


If the const 2»s have been 
@ Alpha nN Eta v Nu t Tau added to these to join the stars 
‘ in the constellation pattern. Ott 
B Beta @ Theta E xi v Upsilon n the Constelation pattern: Cure 
- photographs show deep-sky objects 
y Gamma t Jota 0 Omicron @ Phi 
5 Delta K Kappa Tt Pi xX Chi Locator | 
€ Epsilon A Lambda p Rho wy Psi This shows the position of the 
C Zeta [i Mu © Sigma @ Omega none | sphere and 


1e Milky Way. 


STAR MAGNITUDES Yo 


-1.5-0 0-0.9 1.0-1.9 2.0-2.9 3.0-3.9 4.0-4.9 5.0-5.9 6.0-6.9 


DEEP-SKY OBJECTS 


<> Galaxy ©) Globular Open S dDiffuse CS) Planetarynebulaor - 
cluster cluster nebula supernova remnant 
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Yt Polaris (c) 2.0 
D May-July 


THE LITTLE BEAR 


simioeno | URSA MINOR 


(Polaris) A yellow supergiant 
Star of magnitude 2.0, Polaris | 
lies about 430 light-years away, 


ule \ | Ursae Minoris (Umi) 


This constellation is a constant 


barely halfa degree fromthe | feature of the northern sky, never 

north ee sn ae | rising or setting but instead spinning 

recently, it was classed as a ; 

Cebheld variable, but in the around the north celestial pole once 

past few decades its variations every 24 hours. With a shape that 

have died away. mimics the brighter and larger Big 

Beta ((3) Ursae Minoris Dipper (or Plough) pattern of Ursa 

(Kochab) Ursa Minor's Major (pp.238-39), Ursa Minor is Seuecrtee 
second-brightest star is an ; ; 

fae giant about 100 also Known as the Little Dipper. It . 
light-years away from Earth. has been recognized since 600 sce, when it was 


ee : introduced by the Greek astronomer Thales of Miletus. It 
is named after Ida, anymph who nursed the infant Zeus, 
although it is not clear why she is depicted as a little bear. 

Ursa Minor is best known for containing the star 
Polaris or the Pole Star. Polaris occupies a point in the sky 
very close to the north celestial pole, in the “tail” of the 
constellation. The axis of Earth's rotation almost points to 
it, so that its position marks the direction of “true north” 
as seen from anywhere in the Northern Hemisphere. 
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tr Thuban (0) 3.7 
D April-August 


| FULLY VISIBLE 90°N—4°S 


FEATURES 


Alpha (q) Draconis 
(Thuban) A blue-white 
giant about 300 light- 

years away, Thuban is 
Draco’s brightest star, at an 
unimpressive magnitude 3.7 
Due to precession (p.17), 
Thuban was the northern 
pole star 5,000 years ago. 


Nu (Vv) Draconis Marking the 
“head” of the dragon, Nu (Vv) 

is an attractive double star for 
viewing with binoculars. It 
consists of twin white stars with 
a combined magnitude of 4.9 


16 and 17 Draconis This 
pair of stars, of magnitudes 
5.1 and 5.5, is easily divided 
with binoculars, but a small 
telescope will show that the 
brighter star is itself a double 


NGC 6543 (the Cat’s Eye 
Nebula) This is one of the 
brightest planetary nebulae 


 praconis (Dra) 


DRACO 


A large constellation, Draco 
wraps itself around Ursa Minor and 
the north celestial pole. According 
to Greek mythology, it represents a 
dragon that guarded an orchard of 
golden apples belonging to the 
Hesperides, the daughters of 

the Titan Atlas. Draco was killed by 
Hercules, and in the night sky the 
constellation Hercules stands on Draco’s head. Draco 
also represents the dragon that guarded the golden 
fleece and was killed by Jason and the Argonauts. 

The constellation is the eighth largest in the sky, but 
despite its size it has no stars brighter than magnitude 2. 
It is also lacking in nebulae and star clusters, but it does 
at least contain some faint galaxies and one interesting 
planetary nebula. Draco is home to one of the lesser 
annual meteor showers, the Draconids, which peak 
around October 9 every year. 


NORTHERN 
HEMISPHERE 
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The Cat's Eye Nebula 

This planetary nebula is best seen 
with a telescope. Large instruments 
reveal a complex structure of gas 

bubbles. This view was captured 


Dragon and bear 
The long body of Draco curls around 
the stars of Ursa Minor, the Little 
Bear. The head of the dragon can 

- @asily be identified at the bottom. 
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Qt Alpha (a) 2.5 

DD) September-October 


FULLY VISIBLE 90°N-1°S 


CEPHEUS 


FEATURES 


Beta ((3) Cephei A blue giant 
with a faint companion, this 

is Cepheus's second-brightest 
Star. Its brightness varies in 

a 4.6-hour cycle but only by 
0.1 magnitude. 


Delta (5) Cephei This is a 
prototype star for a class of 
variables called Cepheids 

An aging yellow supergiant, 

it is passing through a phase 

of its life where it expands and 
contracts repeatedly. It changes 
brightness between magnitudes 
3.5 and 4.4 in a little under five 
days and nine hours. 


Mu (j1) Cephei Called the 
Garnet Star because of 

its blood-red color, Mu (jt) 
Cephei is a red supergiant 
Like Delta (5) Cephei, it is 

a variable star, but it is less 
predictable, varying between 
magnitudes 3.4 and 5.1 ina 
period of about two years. 


THE CONSTELLATIONS | CEPHEUS 


Cephei (Cep) 


GEPREWS 


The constellation of Cepheus 
lies in the far-northern sky between 
the prominent Cassiopeia and 
Draco. Its main stars form a distorted 
tower or steeple shape, but this 
ancient Greek star pattern in fact 
represents the mythical King 
Cepheus of Ethiopia, who was 
the husband of the vain queen 
Cassiopeia and father of the princess Andromeda. 
Cepheus is not a prominent constellation—it contains 
no stars brighter than magnitude 2.5. However, the 
northern reaches of the Milky Way pass through this 
part of the sky, so Cepheus is not without interest. In 
particular, it contains several interesting variable stars, 
the best known of which are the highly reliable Delta (8) 
Cephei and the less predictable Mu (lt) Cephei (See chart 
opposite), or The Garnet Star, a red supergiant surrounded 
by IC 1396, a large region of star-forming nebulosity. 


NORTHERN 
HEMISPHERE 


MAGNITUDE KEY 


The remarkable properties of Cepheid 
variable stars, named after Delta (5) 
Cephei, were discovered in the early 
20th century by Henrietta Leavitt. 

She identified Cepheids in the Small 
Magellanic Cloud (SMC) and reasoned 
| that they were all at more or less the 
same distance, so their magnitudes 
| 

| 


Nachie0 
v 


0.0-0.9 


1.0-1.9 


2.0-2.9 


would reflect their true luminosities. 
This revealed the link between | 
luminosity and variation period, which | 
can be used to calculate distance. Her | 
discovery is integral to our Knowledge | 
of the size of the Universe. 
a ES eee 


3.0-3.9 


4.0-4.9 
5:0-5.9 


6.0-6.9 


| Mythical king 

| Shaped like a bishop's mitre, 
Cepheus is not easy to spot. He is 
lmflanked by Cassiopeia, his wife, and 
Draco, the dragon: 
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4 Shedir (c), Gamma (y) 2.2 
D October-December 


FULLY VISIBLE 90°N-12°S 


FEATURES 


Gamma (y) Cassiopeiae 

This hot, rapidly rotating star 
occasionally throws off rings 

of gas from its equator, causing 
unpredictable changes in its 
brightness. It currently lies 

at magnitude 2.2, making it 

the equal-brightest star in 

the constellation 


Rho (p) Cassiopeiae This 
highly luminous, yellow-white 
supergiant fluctuates between 
4th and 6th magnitudes every 
10 or 11 months. It is more 
than 10,000 light-years away, 
which is exceptionally distant 
for a naked-eye star. 


M52 One of several open 
clusters in Cassiopeia that 

can be seen with small 
instruments, M52 is visible 
through binoculars as a 
somewhat elongated patch 

of light. Its individual stars can 
be seen with a small telescope. 


| Cassiopeiae (Cas) 


CASSIOPEIA 


A distinctive constellation of 
the northern sky, Cassiopeia lies 
on the opposite side of the Pole 
Star from Ursa Major, against a rich 
part of the Milky Way between 
Perseus and Cepheus. The large 
W-shape formed by its five main 
stars is easily recognizable. Due to 
its high northern declination, the 
constellation is circumpolar from many parts of the 
Northern Hemisphere, which means it is always visible 
somewhere in the sky and never sets below the horizon. 

According to Greek mythology, Cassiopeia was the 
queen of the ancient kingdom of Ethiopia, wife to King 
Cepheus, and mother to Andromeda. She angered the 
Nereids, daughters of the sea-god Poseidon, which 
resulted in the sacrifice of Andromeda. Cassiopeia 
contains a variety of clusters and nebulae that can be 
observed by the amateur astronomer. 
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DD) December-May 


Alpha () Camelopardalis 
Despite its designation, Alpha 
(q) is the constellation’s 
second brightest star. It is a 
blue supergiant, but because 
it lies about 3,000 light-years 
away, it shines at only 
magnitude 4.3. 


Beta ((3) Camelopardalis 
Outshining Alpha (a) with a 
magnitude of 4.0, Beta (B) is a 


yellow supergiant about 1,000 
light-years away, with a faint, 
magnitude-8.6 companion star. 


NGC 1502 This small open 
Star cluster, with about 45 
members, is visible through 
binoculars and is some 3,100 
light-years from Earth. 


NGC 2403 This spiral galaxy 
lies at a distance of 12 million 
light-years. A small telescope 
will show it as an 8th- 

magnitude, elliptical smudge. 
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CAMELOPARDALIS 


Introduced in the year 1613 
by the Dutch astronomer and 
theologian Petrus Plancius, this faint 
constellation of the northern sky 
represents a giraffe. Its Latin name 
is a hybrid word meaning “leopard 
camel.” Its brightest stars are Alpha 
(a) and Beta (8) Camelopardalis. 
The constellation’s long neck can be 
visualized as stretching around the north celestial pole 
toward Ursa Minor and Draco. It is most easily found by 
locating one of its neighbors, Ursa Major. 
Although Camelopardalis covers a large area of the sky, 
it lies at some distance from the Milky Way, so it contains 
no stars brighter than magnitude 4 and no bright clusters 
or nebulae. One of its most attractive features, covering an 
area five times the diameter of the full Moon, Is a trail of 
stars known as Kemble’s Cascade, tumbling across the sky 
toward the star cluster NGC 1502. 
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FEATURES 


| 


| 
Alpha (a) Aurigae (Capella) 


The sixth-brightest star in 
the sky, Capella shines at 
magnitude 0.1 and is just 42 
light-years from Earth. It isa 
binary system, composed of 
twin yellow giants that orbit 
each other in 104 days, far 
too close for a telescope to 


separate them 


Epsilon (€) Aurigae 
(Almaaz) The northernmost 
“Kid” is a Curious eclipsing 
binary (p.127), whose eclipse / 
last for about one year out 
of 27. This inten 


yrbited by a dark 


ely luminous 
supergiant Is 
partner that Is both nuge and 
semiopaque—perhaps a 
star orbited by a disk of 


planet-forming material 


Zeta (C) Aurigae T! 
ithwestern member of a 
trio of stars forming “the Kid 


an eclit 


AE Aurigae 
This high-speed “runaway” 


a Aurigae (Aur) 


AURIGA 


This constellation lies in the 
Milky Way between Gemini and 
Perseus, to the north of Orion. It 
is easily identified in the northern 
sky by the yellowish presence of 
Alpha (a) Aurigae (Capella) the 
most northerly 1st-magnitude 
Star. It is usually said to represent 
Erichthonius, an ancient king of 


star may have been ejected in 
a close encounter between two 
binaries, The 6th-magnitude Af 
Aurigae lights up IC 405, or the 
Flaming Star Nebula, from within 


THE 
CHARIOTEER 


ull 21 

@ 8Y 

t 8% 
| 2 Capella (a) 0.1 
1D 


December-—February 


FULLY VISIBLE 90°N-34°S 


oe 


NORTHERN 
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Athens and a skilled charioteer. Interestingly, Auriga also 
has another set of associations. It is said to represent a 
goat that suckled the infant god Zeus, while Epsilon (€), 
Eta (1), and Zeta (C) Aurigae are known as “the Kids.” 
Auriga’s southernmost star, once called Gamma (y) 
Aurigae, is shared with Taurus and is now officially Known 
as Beta (B) Tauri. It marks the northern tip of the celestial 
bull’s horns. The Milky Way passes diagonally across the 
constellation, making it rich in interesting stars and 
clusters, including the open clusters M36, M37, and M38. 
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| 2 Alpha (a) 3.2 
D February-March 


| FULLY VISIBLE 90°N-28°S 


Alpha (a) Lyncis Lying LY N x 
around 150 light-years from 

Earth, this is a red giant of 
magnitude-3.2. 


Ee ” Lyncis (Lyn) 


A relatively late addition to 
the classical constellations, this 


eeewness this wiite star faint northern group of stars is 
appears at a faint magnitude a 

4.9 to the naked eye, but a surprisingly large. Lynx covers an 
small telescope will reveal area greater than the constellation 


a blue-white companion 


pPeeritide 7.3. Larger Gemini. It was introduced by the 
instruments show that the | Polish astronomer Johannes 
brighter starisitselfabinary | Hevelius in the 1680s in order to fill ebb opi: 
star of magnitudes 5 and 6, : 
which orbit each other every | the gap between Ursa Major and 
700 years. This triple-star Auriga. Hevelius is reputed to have named it Lynx 
congbteka 140 light-years because only the lynx-eyed would be able to see it—he 
r z “ 5 

himself was renowned for his sharp eyesight. However, 
NGC 2419 A faint globular the animal he drew on his star chart bore little 
cluster of magnitude 10, NGC : : : : 
S470 Sony Visible thvollgh a resemblance to a real lynx. Likewise, this chain of faint 
telescope of moderate size. It stars bears no resemblance to the European wildcat. 
= eo . away In clear-sky conditions, naked-eye observers will see 
rom Earth, far more distant . . ‘ 
than the Milky Way's other little more than its brightest star, Alpha (a) Lyncis, but 
globular clusters Lynx does contain interesting double and multiple stars 


| ~—sthat will reward telescope users. 


FEATURES a Ursae Majoris (UMa) 


Alpha (0) Ursae Majoris 


(Dubhe) A yellow giant, Dubhe 


lies just over 100 light-years 


y 


away and shines at magnitude 


1.8. A line from Beta (3) Ursae 


Majoris (Merak) through Dubhe 
points toward the pole star 
Polaris, in Ursa Minor 


Zeta (C) Ursae Majoris 


(Mizar) This is a famous 
double star. Its neighbor 
Alcor just happens to lie ir 
the same jon, but a small 
telescope hat Miz 
iso a tru | vith a 
much closer companion 


M81 (Bode’s Galaxy) Thi 


bright spiral galaxy 


URSA MAJOR 


One of the best-known 
constellations of the northern sky, 
Jrsa Major’s seven brightest stars 
form the familiar pattern of the Big 
Dipper, or Plow, a useful signpost 
to other stars. However, the 
constellation’s fainter stars extend 
far beyond this central pattern— 
Jrsa Major is, in fact, the third 


Familiar shape 
The saucepan shape 
formed by seven stars 
of the Big Dipper is one of 
the most easily recognized 
shapes in the sky, but it 
makes up only part of 
the constellation pattern 
of Ursa Major 
y 


Sahel, 


BOOTES 


a y 


pet 


NORTHERN 
HEMISPHERE 


argest constellation in the entire sky. It was 
regarded by many ancient civilizations as a bear, which 
n Greek myth was associated with the beautiful Callisto, 


who was transformed into a bear by the goddess Artemis 
Most of the bright stars of the Big Dipper are members 
of the Ursa Major Moving Cluster—an open Star cluster 


so close to Earth (about 70 light-ye 
stars appear widely scattered in tt 


ars away) that its 
le sky. Beyond them 


lie several nearby galaxies that make rewarding targets 


ror amateur astronomers 
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& UWA 
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+ 4 Alpha (q), Epsilon (€) 1.8 
D  February-May 


FULLY VISIBLE 90°N-16°S 


Bode’s Galaxy 

This large, tightly wound spiral 
galaxy, as seen by the Hubble Space 
Telescope, has an unusually bright 
core—an “active galactic nucleus” 
whose activity is triggered as 
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| FULLY VISIBLE 90°N-37°S 


FEATURES 


Alpha (a) Canum 
Venaticorum (Cor Caroli) 
Binoculars will show that 

this star, whose name is 
usually shortened to simply Cor 
Caroli, is a wide binary system 
having two white stars with 
magnitudes 2.8 and 5.6. It lies 
82 light-years away from Earth 


M3 One of the northern sky's 
best globular clusters, M3 
appears as a fuzzy star in 
binoculars and a hazy ball of 
light through small telescopes. 


M51 (the Whirlpool Galaxy) 
This spectacular spiral galaxy 
is bright and relatively close— 
some 31 million light-years 
away. It lies face to.Earth, so 
binoculars or, ideally, a small 
telescope will show the bright 
core, while medium-sized 
instruments will reveal traces 
of the spiral arms that give the 
galaxy its name 


THE HUNTING 
DOGS 


Canum Venaticorum (CVn) 


CANES VENATICI 


Lying in the northern sky 
between Bootes and Ursa Major, 
Canes Venatici’s position beneath 
the “handle” of the Big Dipper 
(pp.238-39) makes it relatively easy 
to identify. It depicts a pair of hunting 
dogs used by the herdsman Bootes 
to chase the Great and Little Bears, 
represented by the constellations 
Ursa Major and Ursa Minor, around the north celestial 
pole. It was created by the Polish astronomer Johannes 
Hevelius at the end of the 17th century. 

A small constellation, Canes Venatici has no 
memorable pattern of stars to identify it, but it does 
contain the relatively bright star Cor Caroli Regis Martyris, 
“the Heart of King Charles the Martyr,” named in honor of 
King Charles | of England, who was executed at the end 
of the English Civil War of the 1640s. This constellation is 
also home to the bright Whirlpool Galaxy, M51. 


NORTHERN 
HEMISPHERE 


, {$%> THE 
“I HERDSMAN 
fe 
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Yt Arcturus (c) -0.04 
D May-June — 


SERPEN 
-CAPUT 


Alpha (a) Bootis (Arcturus) B @) @il E S 
At magnitude -0.04, Arcturus 


is one of the closest and 


brightest stars in the sky. It is A large and prominent kite- 
an orange giant nearing the shaped constellation, Bootes 
: a sien extends from the constellation 
; : Draco and the “handle” of the Big 
Epsilon () Bodtis (Izar) Dipper (pp.238-39) in Ursa Major 
Also called Pulcherrima, this is F : : 
a beautiful double star. A small toward the constellation Virgo in 
telescope will split it to reveal the south. According to Greek 
an orange giant of magnitude mythology, Bootes was the NORTHERN 
2.7 accompanied by a blue star HEMISPHERE 
of magnitude 5.1. The pair lies herdsman who drove the bear Ursa 
about 203 light-years away. Major. He was the son of Zeus and Callisto, Zeus’s lover, 
PaaS Bodie who is represented by Ursa Major. . 
This uninspiring star of Bootes contains Arcturus, the brightest star north of 
magnitude 4.5 is notable as a the celestial equator and the fourth-brightest star in the 


host to one of the first planets 
discovered beyond our solar 
system. Tau (t) is a yellow star but has some targets visible through moderately large 


quite similar to the Sun and 51 telescopes. Faint stars in the northern part of Bootes 


light-years from Earth. A giant 
planet, three times the size of 


entire sky. It lacks bright clusters, nebulae, and galaxies 


once formed the now-defunct constellation Quadrans 


Jupiter, orbits it every 3.3 days. Muralis, which gave its name to the Quadrantid meteor 


shower that radiates from this area every January. 
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4 Kornephoros (f) 2.8 
D June—uly 


HERCULES _ 


FEATURES 


(Rasalgethi) A double-star 
system, Rasalgethi means 
“the kneeler’s head” in Arabic. 
It contains two stars that orbit 
one another. One is a huge 
red giant, so large that it has 
become unstable and varies 
in brightness between 
magnitudes 2.8 and 4.0. The 
other star is a smaller giant, 
shining steadily at magnitude 
5.3. The pair is located 380 
light-years away from Earth 


Alpha () Herculis | 


M13 This bright globular 

Cluster is the finest in the 
northern sky. It contains a knot 

of 300,000 closely packed 

stars, about 25,000 light-years 
away from Earth. M13 can be 
glimpsed with the naked eye. 
Viewed through binoculars, it 
appears as a fuzzy ball.A small | 
telescope will reveal some of | 
the more loosely packed stars 
around its edges. 


Herculis (Her) 


HERCULES 


A large but relatively faint 
constellation, Hercules sits in the 
northern sky between the bright 
stars Arcturus in Bootes and Vega 
in Lyra. It is the fifth-largest 
constellation in the sky and 
represents the Greek demigod 
Hercules. This strong man is NORTHERN 
depicted clothed in a lion’s pelt, HE a 
brandishing a club in one hand and the severed head 
of the watchdog Cerberus in the other, while kneeling 
with one foot on the head of Draco, the celestial dragon. 
The constellation’s most distinctive feature is the 
Keystone, a quadrilateral asterism composed of the 
stars Epsilon (€), Zeta (C), Eta (nN), and Pi (7) Herculis. 
Fainter stars extending from the Keystone form the 
hero's arms. Some of the constellation’s other features 
include the distant and faint Hercules galaxy cluster 
and the spectacular globular cluster M13. 


Stringed instrument 
Lyra, dominated by the dazzling 
star Vega, represents the lyre or 
harp played by Orpheus, the 

musician of Greek myth 


1h 


CYGNUS | 


1 PROFILE t 


i a) 
| 2 Vega (ct) 0.0 
D July-August 


| FULLY VISIBLE 90°N-42°S 


FEATURES 7 a Lyrae (Lyr) 


Alpha () Lyrae (Vega) | LY RA 
Just 25 light-years away from | 

] 

} 

| 


Earth, this white star shines at . ‘ — 
magnitude 0.0, indicating that The compact constellation of Lyra g 
it is some 50 times as luminous lies on the edge of the Milky Way, 
ee rounded by close to the distinctive cross shape 
a disk of dusty debris that may : a3 
be left over from the formation of Cygnus. Although it is one of the 
ofa planetary system | smaller constellations, Lyra is easily 
ESenonite) Lyrae This spotted in the northern sky, thanks . 
famous multiple star splits to the presence of the fifth-brightest ae 
into a double-when viewed | star in the sky, the brilliant white Tree ceed 
through binoculars, but a small : : 
telescope will show thateach | Vega. This constellation has been 
of these components is also | known since ancient times and represents the lyre, 
pouble making Epsiion (€)@ | __a stringed musical instrument. According to Greek 
“double-double” system 
"ails al mythology, the lyre was invented by the Olympian 

M57 (the Ring Nebula) god Hermes and later used by the hero Orpheus to 
ane res dae charm the gods of the underworld in his efforts to 

e€D 1€ SKY IS a Gelcate | 
shell of gas cast offbyadying | win back his lost w fe Eurydice. 
star 2,000 light-years away. | Vega forms one corner of the Summer Triangle 
eee. of the northern sky—the other two being Deneb in 

| small telescope Cygnus and Altair in Aquila. The Lyrid meteors radiate 
= a.5 ee from a point nearby around April 21-22 every year. 


| CEPHEUS 


Alpha () Cygni (Deneb) 
years from 
t Star in 

16( 000 times 


gh 


Sun. Althous 


Around 1,500 light 
Earth, the brighte 
Cygnus | 
brighter than the 


§ nearly 


this supergiant is one of the 
sky's most luminous Stars at 
magnitude 1.3, it is outshone 
| 
| by nearby 


Beta ((3) Cygni (Albireo) This 


; 4 beautiful double star of 
contrasting colors that mar 
the bill of the swan. A 

yf Dine | NI 

ve 1d blue ars of 
magnitudes 3.1 and 4 


| CYGNUS ~ 


‘Las2 


NGC 6992 (the Veil Nebula) 


iNGC 6826 t 


\ ee | 
E PROFILE | 
all 16 
BH 8 
YY 
++ Deneb (aq) 1.3 
D) August-September 


_NGC 6992 39 
a 


The Veil Nebula 


shreds of gas are 


These the 
remains of a star that exploded 
in a supernova thousands of 
years ago. They occupy an 

Six full Moons. 


FULLY VISIBLE 90°N-28°S 


area wider than 
a ale | 
245 
= 
a —_—< 
4 » 


One of the most prominent 
constellations of the northern sky, 
Cygnus lies in a rich area of the 
ilky Way. It represents a swan 


M 
flying down the Milky Way, recalling 
the Greek God Zeus’ disguise while X 4 
seducing Leda, the wife of the King —_— 
formed by the NORTHERN 
HEMISPHERE 


Sparta. The shape 
stars at the center of the pattern is 
so Known as the Northern Cross. Although Cygnus 

t does contain 


ar clusters and bright galaxies, 
ters and Is an impressive 


da 


acks globul 


many nebulae and open clust 

sight when seen through a pair of binoculars or a 

low-pc ii telescope 

The constellation is home to Cygnus X-1, a strong 

X-ray source races 0 oO mark the site of a black hole 
yrbiting another star. Pernaps its most ictive 
feature is the Great Rift—a imho close, eee cloud 
of dust that blocks light from the Milky Way 


PROFIL 


ft Alpha («) 3.8 
LD) September-October 


FULLY VISIBLE 90°N-33°S 


FEATURES ’ 


Alpha (c) Lacertae This 
lue-white star shines at 
magnitude 3.8 and lies 102 
ight-years away from Earth, 
indicating that it is roughly 27 


imes as luminous as the Sun 


NGC 7243 A loose group of 
blue-white stars, thought to 
ie about 2,800 light-years 
away from Earth, NGC 7243 
is so scattered that some 
astronomers suspect It Is 
not a true open cluster at all 


BL Lacertae This strange 
and rapidly varying starlike 
object is in fact a blazar 

a distant elliptical galaxy 
with a flickering source of 
radiation at its surface that 

| Varies in brightness between 
| magnitudes 12 and 16. Jets of 
gas shoot from the center 

of BL Lacertae directly toward 
Earth, making it appear 


deceptively starlike 


Zigzag stars 


| Lacertae (Lac) 


LACERTA 


A small, obscure constellation 
Lacerta straddles the northern 
Milky Way between Cassiopeia 
and Cygnt 


few significant deep-sky objects, 


‘ es sats 


LACERTA | 


This pattern of faint stars 
resembles a scurrying lizard 
squeezed between rocks 
Lacerta’s main stars are 
located in the reptile’s head 


10 


' 


s. It was introduced by the 
Polish astronomer Johannes Hevelius 
n 1687 and represents a scurrying 
izard. Its size means that it contains 


but 


ts position among the dense Milky 


2h 


CEPHEUS 


CYGNUS | 


NORTHERN 
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Way star clouds makes it the site of occasional nova 


explosions, in which 
a huge increase in brightness. 
Lacerta is also famed for the o 
BL Lac. Once thought to be a pec 
variable star, this is in fact the pro 
of objects called blazars. These a 
supermassive black holes at their 


a Star system rapidly 


bject BL 


re distan 
cores th 


down materia! from their surrou 


undergoes 


Lacertae or 


uliar 14th-magnitude 
totype for a class 


t galaxies with 
at are gulping 


idings a 


1d spitting it 


Out in jets that are aligned directly toward Earth 
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| 4 Deltoton (f) 3.0 
| D November-December 


FULLY VISIBLE 90°N-52°S 


FEATURES 


Beta ((3) Trianguli (Deltoton) 
Triangulum’s brightest star 
shines at magnitude 3.0 and 
lies about 135 light-years away 


Alpha (c) Trianguli 
(Rasalmothallah) With a 
magnitude of 3.4, this white 


Star lies some 65 ligh 


years 


away. Although named Alpha 


(), It is not Triangulum’s 
| brightest star 


6 Trianguli This yellow star 


has a magnitude of 5.2 and 


a companion of magr 


which 


in be seen throug 


a small telescope 


M33 (the Triangulum 
Galaxy) The constellation 
t ht 11 gala 


f thi 
ine 


The Triangulum 
Galaxy 

An example of a 
flocculent spiral, 

M33 is a galaxy with 
arms that divide and 
separate into patches 
It covers the same 
area as the full Moon 


a Trianguli (Tri) ir oe jj 
TRIANGULUM 
A small northern constellation, -.  ~ 
Triangulum fills the gap between \ 
Perseus, Andromeda, and Aries OR x ' 5 4 \ 
It consists of little more than ie j 
an elongated triangle of three \ araes : / 
insignificant stars but is relatively S vy 
easy to spot because of its compact a 
size. Despite its lack of obvious NORTHERN 
HEMISPHERE 


features, Triangulum has an ancient 

origin. Greek astronomers originally saw it as a version 
of their letter “delta.” They later visualized it as the Nile 
river delta or the island of Sicily 
It does not contain any clusters or nebulae, but It does 
ide one showpiece object—the nearby galaxy M33, 


inclt 
known simply as the Triangulum Galaxy. At about a 
quarter of the diameter of the Milky Way Galaxy and the 
Andromeda Galaxy, M33 is the third-largest member of 
our Local Group of galaxies (p.146). It may be trapped in 
orbit around its much larger neighbor in Andromeda 


Alpha () Persei (Mirphak) 
Binoculars reveal that 

this magnitude-1.8 yellow 
supergiant of lies at the heart 
of a cluster of fainter blue 
Stars. It sits 590 light-years 
from Earth. 


Beta ((3) Persei (Algol) This 
famous variable star was the 
first eclipsing binary to be 
identified. It is a triple star with 
two components that pass in 
front of each other every 2.87 
days, causing its overall 
brightness to dip from 
magnitude 2.1 to 3.4 for 

about 10 hours. 


NGC 869, NGC 884 (the 
Double Cluster) About 7,000 
light-years away from Earth, 
this twin open cluster is a 
spectacular sight in binoculars 
and can be seen with the 
naked eye as a bright knot in 
the Milky Way. 


ARIES 


{tr Mirphak (@) 1.8 
1) November-December 


FULLY VISIBLE 90°N-31°S 


| eT 


PERSEUS 


A prominent northern 
constellation, Perseus lies in 
the Milky Way between the 
constellations Cassiopeia and 


Auriga. It is named after the Greek 


mythological hero Perseus, who 


rescued Andromeda from the sea 


monster Cetus and killed the 
serpent-haired gorgon Medusa. 
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Perseus Is depicted with his left hand holding the 
gorgon’s head, marked by the famous variable star Algol. 
His right hand brandishes a sword, represented by the 


twin star clusters NGC 869 and N 


GC 884. Dense star 


clouds and a multitude of young blue and white stars 


around Alpha (a) Persei make Pe 


rseus a rewarding target 


for binoculars or a small telescope. Alpha (a) Persei lies 
at the heart of Perseus OB1 association, also called 
Melotte 20, a cluster of stars scattered over an area 
several times the width of the full Moon. 
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Alpha (1) Andromedae 
(Alpheratz) Sometimes also 
referred to as Delta (5) Pegasi, 
Alpheratz is a blue-white star 
97 light-years away. 


Gamma (y) Andromedae 
(Almach) Through small 
telescopes, Almach appears 
as a contrasting double, 
with yellow and blue stars 
of magnitudes 2.3 and 4.8 
Larger telescopes will also 
show the blue star's fainter, 
é6th-magnitude companion 


M31 (the Andromeda 
Galaxy) At 2.5 million 
light-years from Earth, this is 
the most distant object visible 
to the naked eye, appearing 
like a fuzzy, 4th-magnitude 
Star. Binoculars or a small 
telescope reveal an elliptical 
disk—the bright central area 
of a huge spiral galaxy larger 
than the Milky Way. 


ANDROMEDA 


i Andromedae (And) 


ANDROMEDA 


Easy to find because of its link 
to the Square of Pegasus, this 
celebrated constellation of the 
northern sky depicts Andromeda, 
the daughter of the mythical Queen 
Cassiopeia and King Cepheus of 
Ethiopia. According to Greek myth, 
Cassiopeia had boasted that she 
was more beautiful than the 
daughters of the sea-god Poseidon. This angered 
Poseidon, who sent Cetus, a sea monster, to attack 
Ethiopia. To appease Poseidon, Cassiopeia and Cepheus 
had Andromeda chained to a rock by the sea as a 
sacrifice, but she was rescued by the hero Perseus. 
Andromeda consists of several strings of relatively faint 
stars, meeting at Alpheratz, its brightest star on the corner 
of the Square of Pegasus. It contains little of interest to the 
amateur astronomer and owes its fame almost entirely to 
the Andromeda Galaxy (M31) and its satellites. 
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Princess Andromeda lies at the heart 
of a story that encompasses many 
constellations of the northern sky. 
According to Greek myth, she was 
chained to a rock and offered as a 
sacrifice to the sea monster Cetus, 
in atonement for the boastfulness 
of her mother, Cassiopeia, the wife of 
King Cepheus. The hero Perseus, 
flying home after slaying the Gorgon 
Medusa, came to Andromeda’s 
rescue, swooping down in his 
winged sandals and using Medusa’s 
head to turn the monster to stone. 


The Andromeda Galaxy 

The nucleus of M371 is visible to 
the naked eye, but larger telescopes 
or long-exposure photographs are 
needed to capture the stunning 
detail of the galaxy’‘s spiral arms 
and silhouetted dust lanes. 


NGC 7662 
This planetary nebula 
is roughly 1,800 


TAURUS 


Alpha (@) Arietis (Hamal) A 
yellow giant star about 66 
light-years from Earth, Hamal 


shines at magnitude 2.0. Its 
popular name is derived from 
the Arabic for “lamb.” Its 
diameter is 15 times greater 
than that of the Sun 


Gamma (y) Arietis 
(Mesartim) One of the first 
stars discovered to be a double, 
Mesartim was found by the 
English scientist Robert Hooke 
in 1664. Small telescopes will 
separate it to reveal twin 
white components, each of 
magnitude 4.8. The stars 
orbit each other some 200 
light-years away. 


Lambda (A) Arietis This is 
another double star. Binoculars 
will reveal that the white 
primary star of magnitude 

4.8 has a yellow companion 

of magnitude 7.3 


THE RAM 


| + Hamal (a) 2.0 
D) November-December 


FULLY VISIBLE 90°N-58°S 


be 
ARIES 


Found between Pisces and 
Taurus, Aries is an inconspicuous 
zodiac constellation. It represents 
the golden ram of Greek mythology, 
whose fleece Jason and the 
Argonauts sought. Even before 
Greek times, ancient astronomers 
visualized it as a crouching ram. 
Its most recognizable features 
are three stars near the border with Pisces: Alpha (Q), 
Beta (B), and Gamma (y) Arietis, of 2nd, 3rd, and 

4th magnitudes. 

Aries contains little of interest to amateur observers, 
but is historically significant because more than 2,000 
years ago, the vernal equinox—the point at which the 
ecliptic crosses the celestial equator—lay on the border 
of Aries and Pisces. The effects of precession have 
since moved the vernal equinox through Pisces toward 
Aquarius, but it is still known as the First Point of Aries. 
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Beta ($3) Geminorum 
(Pollux) A single yellow star, 
Pollux is about 34 light-years 
away from Earth. At magnitude 
1.1, it is brighter than Alpha 

(Q) Geminorum. 


Alpha () Geminorum 
(Castor) This is a fascinating 
multiple-star system with 
overall magnitude 1.6. A small 
telescope will split it into two 
white stars, while a larger one 
reveals a faint red companion 
Each of these stars is itself a 
double, although none can 

be separated visually, giving 
Castor a total of six stars. 


M35 This open cluster can 
be spotted with the naked 
eye and is a good target for 
binoculars, through which 

it appears as an elongated, 
elliptical patch of light with 
the same diameter as the 

full Moon. 


GEMINI 


This prominent zodiacal 
constellation of the northern 

sky, Gemini lies between the 
constellations Taurus and Cancer. 
It represents the mythical twins 
Castor and Pollux, who were the 
sons of Queen Leda of Sparta and 
the brothers of Helen of Troy. They 
were among the Argonauts, who 
went in search of the golden fleece of Aries, the ram. 
Gemini is easily identifiable because of its two brightest 
Stars, named after the twins. 

Even though it is labeled Beta (8) Geminorum, Pollux is 
brighter than Castor or Alpha (0) Geminorum. The feet of 
the twins lie bathed in the Milky Way, and the constellation 
contains several interesting deep-sky objects, including 
the open cluster M35 and the faint but beautiful Eskimo 
Nebula, NGC 2392. Around mid-December each year, 
the Geminid meteors radiate from a point near Castor. 
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FEATURES 


Alpha () Tauri (Aldebaran) 
A red giant lying some 

65 light-years from Earth, 
Aldebaran shines at around 
magnitude 1.0. Its brightness 
varies because this elderly 
star has become unstable. 


The Hyades This V-shaped 
star cluster lies well beyond 
Aldebaran, some 160 light- 
years away. Binoculars will 
reveal stunning starscapes 


M1 (the Crab Nebula) 1 
is the shredded remnant 

of a star that exploded 

as a Supernova in 1054 


M45 (the Pleiades) 
Naked-eye observers usually 
see Six of the so-called “Seven 
Sisters,” but binoculars or a 
telescope show many more 
hot blue stars. The cluster is 
just 50 million years old and 
lies 400 light-years away. 


Tauri (Tau) 


TAURUS 


One of the oldest constellations, 
Taurus has been recognized since 
Babylonian times. It is a zodiacal 
constellation lying between Aries 
and Gemini and represents a 
bull—the disguise used by Zeus 
when he abducted Princess Europa 
of Phoenicia. Just north of the NORTHERN 
celestial equator, Taurus charges HE ee 
toward the hunter Orion in the skies, the upper of its two 
outstretched horns linking it to neighboring Auriga. 

Taurus’s brightest star is Aldebaran, and it contains 
two prominent open clusters: the Pleiades, or M45, and 
the more scattered Hyades, which has about 200 stars 
and marks the V-shaped face of the bull. The constellation 
contains excellent targets for binoculars and small 
telescopes, including M1, the brightest supernova 
remnant in the sky. In November, the Taurid meteors 
seem to radiate from a point south of the Pleiades. 


at 


THE LOST PLEIAD 


Also known as the Seven Sisters, 

the Pleiades represents the seven 
daughters of the Titan Atlas in Greek 
mythology. But only six stars are 
easily visible to the naked eye, and 
two myths explain the “missing” 
Pleiad. One says that the fainter 
sister is Merope, the only one of 

the seven Pleiades to marry a mortal. 
Alternatively, it may be Electra, hiding 
her face from the fate of Troy, the 
city founded by her brother, Orestes. 
However, despite these legends the 
faintest named member is Asterope. 


Hyades and Pleiades 

The Hyades (lower left) is the larger 
of these two dazzling star clusters; 
the Pleiades (upper right) is a 
tighter bunch that appears hazy 

at first glance. 
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FEATURES 


Beta (3) Cancri (Altarf) 
Cancer's brightest star, Altarf, is 
an orange giant, 290 light-years 
from Earth and noticeably 
brighter than Alpha (a) at 
magnitude 3.5 


Alpha (@) Cancri (Acubens) 
With a name that means “the 
Claw,” this star is actually 
fainter than nearby Beta. It 

is a white star of magnitude 
4.2, some 175 light-years 
from Earth 


M44 (Praesepe) This is a 
group of 50 young stars spread 
across an area of the sky three 
times the size of the full Moon 
Although their combined light 
makes them easily visible to 
the naked eye, binoculars are 
needed to reveal individual 
Stars within the group. 


THE CRAB 


Cancri (Cnc) 


CANCER 


The faintest of the twelve 
zodiacal constellations, Cancer has 
an indistinct pattern but is still easy 
to find because of its location 
between the brighter stars of Leo 
and Gemini. According to Greek 
mythology, Cancer represents a 
crab that attacked Hercules during 
his fight with Hydra. The crab was 
crushed underfoot during the struggle. 

Since the Milky Way does not run through Cancer, this 
region of the sky is relatively barren, with no nebulosity, 
globular clusters, or planetary nebulae. However, it does 
contain two open clusters: the relatively loose M44 and the 
more concentrated M67. M44 is also known as the Beehive 
Cluster, or Praesepe (the Manger). Its stars lie about 570 
light-years from Earth. In Greek myth, it was regarded as 
a manger of hay from which two donkeys, represented 
by nearby Gamma (y) and Delta (5) Cancri, were feeding. 
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THE LITTLE LION 


NGC 3344 

This attractive face-on spiral has tightly 
wound inner spiral arms that are hard to 
distinguish. Despite its overall magnitude 
of 10.5, its spread-out nature makes it a 
difficult target for small telescopes. 


et Leonis Minoris (LMi) 


FEATURES 


46 Leonis Minoris The 


constellation’s brightest LEO M | N O R 


star is an orange giant of 


magnitude 3.8. It lies about | This faint constellation, y ~ 

80 light-years away from Earth | squeezed between Leo and Ursa / 

and is nearing the end of us Major was invented by the Polish f 

life. Due to an error, this star | P 

is not labeled Alpha (cx) astronomer Johannes Hevelius y 

. | around 1680. He claimed that its ( 
ol Beier star pattern of stars resembled Leo, S - Sy 
in Leo Minor is a yellow giant but the resemblance is far from cena 
ee ictoons, obvious—the brightest stars Keeley 
reveals that in reality itis actually form a rough triangle—and 
| considerably more luminous it seems that Hevelius was simply keen to fill a gap in the 
ee ts Minoks sky for his great star atlas, Uranographia. Nevertheless, 

R Leonis Minoris Lying to the constellation is usually seen as representing a lion cub. 
| the west of 21 Leonis Minors, Lying in a relatively sparse region of the sky, Leo Minor 
ee coins, contains few objects of interest to amateur astronomers. 

At its peak magnitude of 6.3, Its brightest star, 46 Leonis Minoris, should have been 
sl epee allan | assigned the Greek letter ox, but was missed by the English 

it fades beyond the reach of astronomer Francis Bailey while he was assigning letters 
small telescopes to the constellation’s stars in 1845. However, its second- 
brightest star has been assigned the Greek letter B. 
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M53 The brighter of tw 
globular clusters in Coma 
Berenices, M53 is some 
56,000 light-years away. 
Although it is visible through 
binoculars, it is best seen 
with a small telescope 


M64 (the Black Eye) Coma’ 


brightest galaxy is nicknamed 
the Black Eye after the dark 
dust cloud at its core. Tilted at 
an angle to Earth, it lies 

19 million light-years away 


Melotte 111 (the Coma 
Star Cluster) Thi 


pen 
star cluster is Coma’s mair 
feature. It consists of a 

itte re } Up f fal it 
tar tret 2 soutt ard 
Ina fan sn fr i ) 
Y m ces, It} 
ne f tne t Ope 


around 


The Black Eye Galaxy 


This 
ar 


light through a small 
tele 


dust 


galaxy appears as 
1 elliptical patch of 


scope; the central 
cloud is best seen 
through a large 
telescope with 
an aperture of 6in 
(150mm) or more 


et Comae Berenices (Com) 


COMA BERENICES ~ 


The stars in this region of 


the sky originally marked the tail y 
eighboring Leo, the lion. In 
mid-16th century, tt 
cartographer Gerardus Mercator 
Sformed them into the new 


Of r 
the 
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FEATURES 


Alpha (a) Leonis (Regulus) 
Meaning “little king” in Latin, 
Regulus is a bright, blue-white 
Star, located almost 80 
light-years away from Earth. It 
lies at the foot of the Sickle 
and shines at magnitude 1.4. 
It has a companion star of 
magnitude 7.8 that can be 
seen through binoculars. 


Gamma (y) Leonis (Algieba) 
This attractive double star 
consists of two yellow giants 
some 170 light-years away. 
Easily split in small telescopes, 
the brighter star is magnitude 
2.0 and the fainter 3.2. The 
stars orbit each other every 
600 years or so. 


R Leonis This red giant lies 
some 3,000 light-years away. 

It varies in brightness over 

312 days, usually staying below 
naked-eye visibility but peaking 
at magnitude 4. 


+t Regulus (a) 1.4 
| D March-April | 


| FULLY VISIBLE 82°N-57°S 


c Leonis (Leo) 


LEO 


This large zodiacal constellation 
lies just north of the celestial 
equator. It represents the Nemaean 
Lion slain by the Greek hero 
Hercules, and its outline stars 

do bear a marked resemblance 

to a crouching lion. A group of six 
Stars forming the lion’s head and 
chest is also known as the Sickle 
because of the hook-shaped pattern they form. 

The Leonid meteors radiate from this part of the 
constellation every November. 

Leo lacks nebulae or clusters because it lies away 
from the Milky Way and the plane of our galaxy, but 
it does contain a few bright galaxies. It also contains 
the dwarf star Wolf 359, which is the fourth-nearest 
star to our own star, the Sun, at a distance of only 
7.8 light-years. However, this is too faint a target for 
amateur instruments. 


NORTHERN 
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i FEATURES 


Alpha (() Virginis (Spica) 
A bright star with an average 
magnitude of 1.0, Spica lies 
about 260 light-years away 
from Earth. It is actually an 
indivisible binary, in which 

a smaller companion affects 
the brighter star's shape and 
causes its brightness to vary 
as It rotates. 


M87 This giant elliptical galaxy 
lies at the heart of the Virgo 
Cluster of galaxies. It shines 
at magnitude 8.1 and lies 

50 million light-years away. 


M104 (the Sombrero 
Galaxy) A bright galaxy some 
28 million light-years away, 
M104 is much closer than the 
Virgo Cluster. It is an edge-on 
spiral with a dark lane of dust 
Icross its central bulge, best 


seen through a large telescope 
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a Virginis (Vir) 


VIRGO 


The second-largest constellation 
after Hydra, Virgo straddles the 
celestial equator and is the only 
female sign of the zodiac. It lies 
southeast of the more easily 
identifiable Leo and is associated 
with many virgin goddesses, 
including Dike, the Greek goddess 
of justice, with nearby Libra 
representing the scales of justice. 
The constellation is also associated with Demeter, the 
goddess of harvest. Virgo’s brightest star, Spica, marks 
an ear of wheat held in her hand. 

Virgo lacks bright star clusters and nebulae, but makes 
up for this with the galaxies it contains. When looking in 
this direction, we are looking out of our own galaxy 
toward the Virgo Cluster, a cluster of more than 2,000 
galaxies some 55 million light-years away. Many of these 
are visible through amateur telescopes. 


NORTHERN 
HEMISPHERE 


Virgo is often identified as Dike or 

lustitia, the Greek goddess of justice, 

who abandoned Earth and flew up 

to heaven when human behavior 

deteriorated. In this interpretation, 

neighboring Libra represents her 

scales of justice. However, from 

ancient Mesopotamian times in 

the early first millennium sce, the 

constellation was also associated 

with fertility and the harvest, and 

ancient Greek astronomers also 

interpreted the figure as the harvest The Sombrero Galaxy 
goddess Demeter or Ceres, clutching This § named for its re 
an ear of wheat marked by Virgo’s spiral W 

brightest star, Spica. ni 


| 
| 


Markarian’s Chain 

In one part of the Virgo Cluster, several 
galaxies form a smooth chain. This is 
named after the Armenian astrophysicist 
B. E. Markarian, who first proved that the 
galaxies are gravitationally linked rather 
than a chance alignment. 
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FEATURES 5 Librae (Lib) 


SCALES 


Alpha () Librae 
(Zubenelgenubi) Libra‘: 
brightest star is a double that 
is easily split with binoculars 
or even with sharp, unaided 
eyesight. Zubenelgenubi's two 
Stars, a blue-white giant of 
magnitude 2.8 and a white star 
of magnitude 5.2, lie 70 light 
years from Earth 


Mu (it) Librae This double 
Star, with components of 
magnitudes 5.6 and 6.7, isa 
close pairing 235 light-years 
away. It is a more difficult pair 
to separate than Zubenelgenubi 
a telescope with 3in (75mm) 


aperture is needed 
48 Librae Lying 510 light-years 


an early stage of development 


and is still throwi 


material that forms shell: 


from Earth, this young Star is at 


Scales of justice 
Libra’s stars used 

to be visualized as 

the “claws” of the 
constellation Scorpius 
They are now regarded 
as the scales of justice 


LIBRA 


The only sign of the zodiac that 
depicts an object (a set of scales) 
rather than a living creature, Libra 
was once seen by the ancient Greeks 
as Chelae Scorpionis, the “claws” 
of neighboring Scorpius. Indeed, 
its brightest stars are still Known 
as Zubenelakrab, Zubenelgenubi, 
and Zubeneschamali, meaning the 
“scorpion’s claw,” “southern claw,” and “northern claw.” 
Since Roman times, however, Libra has been interpreted 
as the scales of justice, held by the figure of nearby Virgo. 
Libra is a small and faint constellation, best located in 
relation to its brighter neighbors in the sky. Apart from 
one unimpressive globular cluster, it has little to offer 
amateur astronomers with small telescopes. The faint 
Star Gliese 581, home to a complex system of planets, 
lies to the north of Beta (), but is beyond the reach of 
most amateur astronomers 
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Celestial crown 

The most prominent stars of this constellation 
form an arc shape that resembles a 
magnificent crown in the night sky. 


FEATURES | Coronae Borealis (CrB) 


Alpha (a) Coronae 
Borealis (Alphekka) This 
challenging eclipsing saliati 
star of average magnitude 2 
varies in brightness by just 0 1 
magnitude as its components 
pass in front of one another in 
a 17.4-day cycle 


R Coronae Borealis This 
intriguing variable is normally 
just visible to the naked eye, 
enclosed by the curve of 

the crown and shining at 
magnitude 5.8. Every few 
years, this yellow supergiant, 
lying 6,000 light-years away, 
suddenly dips in brightness, 
going beyond the range of 
most amateur telescopes 


T Coronae Borealis Also 
known as the Blaze Star, this 

is one of the brightest and 
most reliable recurrent novae, 
brightening from magnitude 11 


to around 2 every few decades 


CORONA BOREALIS 


A small but distinctive y 
constellation, Corona Borealis y 
is situated between Bootes and [ 
Hercules in the northern sky. It 
consists of a chain of seven faint \ = 
Stars arranged in a horseshoe 

shape, representing the crown 

worn by the mythical Princess NORTHERN 
Ariadne of Crete during her ine te ual 
wedding to the god Dionysius. This ancient constellation 
was recognized by the Greek—-Egyptian astronomer 
Ptolemy in his original list of 48 star patterns around 

the 2nd century ce. 

Making up for a lack of deep-sky objects for amateur 
observers, Corona Borealis contains a number of 
attractive double stars and interesting variables. It also 
contains a huge cluster of more than 400 galaxies called 
Abell 2065, but at a distance of 1.5 billion light-years 
none is brighter than magnitude 16. 
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M5 

With a diameter of 165 light-years, 
this globular cluster is one of the 
largest in orbit around the Milky 
Way. A moderate telescope can 
distinguish individual stars within 
the cluster 
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a Serpentis (Ser) 


Alpha () Serpentis 


In Se 


(Unukalhai) Situated | SERPENS 


rpens Caput, the | 


| constellation’s brightest star | The only constellation that lias 
| fies 70 light-yea itisan | iS made up of two parts, Serpens, ; ' ‘ 
range giant of magnitude the snake, lies on either side i sn 
M5 About 13 billion years old of the constellation Ophiuchus, 4 
tt globular cluster the serpent bearer. It is split into ‘ : 7 
eae Serpens Cauda, the snake’s tail, val 30 4g 
wa) sy rth ar fis ist and Serpens Caput, the head —=—_—" 
naked ey In Greek mythology, snakes were NORTHERN 
tt NEE considered a symbol of rebirth HEMISPHERE 
because they shed their skins. Ophiuchus, meanwhile, 
pi Peshstie represents the great healer Asclepius, who was 
ce reputedly able to revive the dead 
th The Milky Way passes through Serpens Cauda, while 
Serpens Caput offers clear views into intergalactic space, 
gives the two halves of the constellation distinctly 
differe f te t ght star cluster 
l g M16 at the he of the Ne 1. The he 
bright dee] y ect vl ular ¢ er 


OPHIUCHL 


M16 

Located within the Eagle Nebula, M16 is a young 

Star cluster with a diameter of about 15 light-years. 
Binoculars or a small telescope reveal a hazy ball of 
light. This image was taken with a 7 ft (2.2m) telescope. 


The Eagle Nebula 

This Hubble Space Te ye image shows columns of gas and dust within the 
Eagle Nebula known as the S i n k clouds, 
then emerge into open ; S away surrounding material 
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FEATURES 


Alpha (a) Ophiuchi 
(Rasalhague) Ophiuchus’s 
brightest star is this white 
giant of magnitude 2.1, about 
50 light-years away from Earth 


io) 


Rho (Pp) Ophiuchi This fine 
multiple star is still embedded 
in the faint gas from which it 
was formed. Binoculars show 
two wide companions close to 
the magnitude-5.0 primary star, 
while a small telescope reveals 
that the primary has a closer 
neighbor of magnitude 5.9 


Barnard’s Star The most 
celebrated star in Ophiuchus 
and the fastest-moving in the 
sky, Barnard’s Star is found 
near Beta (3) Ophiuchi. it 
moves so fast that it crosses 
a Moon's width of the sky 
every 200 years and, at 

Just 6 light-years away from 
Earth, is the second-closest 
star to the Sun 
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q Ophiuchi(Oph) 


OPHIUCH US 


A large, ancient constellation 
straddling the celestial equator, 
Ophiuchus depicts a man holding 
a snake and is often associated with 
Asclepius, the Greek god of healing. 
The snake itself is represented 
by the neighboring constellation 
Serpens. The stars of Ophiuchus 
are faint and its pattern indistinct, 
So it is best located by looking to the south of Hercules, 
or to the north of Scorpius, located in the south. 

The path of the ecliptic currently passes through 
this region of the sky, and the Sun can be found here 
in the first half of December. Despite this, Ophiuchus is 
not regarded as a true member of the zodiac. Although 
its stars are faint, the constellation contains a number 
of interesting objects and is especially rich in globular 
clusters. It also contains large regions of nebulosity, 
making it a popular target for astrophotographers. 
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FEATURES 


Delta (5) Scuti This pulsating 
giant of magnitude 4.7 is 260 


light-years away from Earth. It 
| isthe prototype for a class of 
rapidly changing variable stars 
although it only varies by about 
0.1 magnitude over each 
4.6-hour cycle 

| 

| R Scuti This is a variable star 
with a slower period 
than Delta (6) Scuti, and its 
changes are easier to follow 

It is a yellow supergiant that 
varies from magnitude 4.5 at its 
peak, down to magnitude 8.8, 
the limit of binocular visibility. 
144 days. 


of change 


This cycle last 


M11 (the Wild Duck Cluster) 
This rich open cluster in the 

Scutum Star Cloud is located 
just south of Beta (3) Scuti. It 
is visible to the naked eye and 
rewarding thre 


When seen with a telescope, 


ugh binoculars. 


1a fan snape 


| 


Sat | 


ey Scuti (Sct) 


SCUTUM 


Small, kite-shaped, anc 
to the south of the celestie 


the constellation Scutum was 


invented in the 17th centu 
the Polish astronomer Jot 
Hevelius 
Scutum Sobiescianum, mé 
Sobieski's 


He originally nan 
eaning 
Shield, in honor 


The Wild Duck Cluster 
From a dark location, M11, 
lying some 5,600 light-years 
from Earth, can be seen with 
the naked eye as a bright, 
misty patch of the Milky Way. 


lying 
| equator, 


ry by 
annes 


1ed it 


of his 


patron, King John Sobiesk 
Poland. Now known simpl 


S best located by searchit 


and Sagittarius 

Crossed by a bright 
Scutum contains rich star 
with binoculars Indeed, the 


y as Scutum, the constellation 
1g between neighboring Aquila 


region of the Milky Way, 


clouds, ideal for sweeping 
le Scutum Star Clot 


brightest part of the Se Way outside Sagittarius 


Highlights for amateur ast 


M11, or the Wild Duc ‘ Clus 


long-period variable star 


ronomers include 
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|20° 
F Z Arrow in the sky 
DELPHINUS AQUILA | This small arrow in flight makes its way 
10° : towards the constellation Delphinus, 
Altaic the dolphin. It flies over the stars of 


Aquila, the eagle, en route 


¥ Sagittae (Sge) 


| a x | 
| Gamma (y) Sagittae The SAG PAWN 
| brightest star in Sagitta is 


} an orange giant of magnitude 


| 3.5. Itlies at a distance of | The third-smallest constellation i 
175 light-years from Earth in the sky, Sagitta lies in the Milky , PR NN 
at the tip of the arrow Way between Vulpecula and Aquila le a aN 
Aibha (on ishami\aed in the northern sky. It is best air, C 
Beta ((3) Sagittae Thes: located by looking to one side ” Be / 
reese cali of the wqually compact but more . 4 
neighbors in space around distinctive constellation Delphinus, ee 
470 light-years away the celestialdolphin. Despite the NORTHERN 

ref te Ted ee eS ee : RASS HEMISPHERE 
S Sagittae This yellow presence of some Milky Way star 
supergiant lies 4,300 clouds and the dark stream of the Great Rift (a dust cloud 
nev de aba beara int that appears to divide the Milky Way), this constellation 
B peichiicks teens has few objects of interest to amateur astronomers 
ignitudes 5.5 and 6.2 In spite of its small size and relative obscurity, 
sk Aa ca Sagitta was known and recognized as an arrow by 


M711 This star cluster is usually the ancient Greeks. However, it has nothing to do 
; with the better-known celestial archer Sagittarius 
Instead, Greek authorities believed it represented 
an arrow shot by Apollo, Hercules, or Eros toward 


Cygnus and Aquila 


Alpha (o) Aquilae (Altair) 
Lying just 17 light-years away, 
this is the 12th-brightest star in 
the sky. Shining at magnitude 
0.8, it is one of the closest 
bright stars to Earth. It marks 
the neck of the eagle and is 
flanked by Beta (B) and 
Gamma (y) Aquilae. 


Beta ((3) Aquilae (Alshain) 
This star and Gamma (y) 
(Tarazed) are the near-twins 
that flank Altair. Alshain is 
actually the fainter of the two, 
shining at magnitude 3.7 
compared to Tarazed’s 2.7. 
Alshain is just 49 light-years 
away, while the giant Tarazed 
has a distinctly orange color 
and is five times farther away. 


NGC 6709 Some 3,000 
light-years away, this open 
cluster appears through 
binoculars as a bright knot in 
the Milky Way star clouds. 
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D July-August 


FULLY VISIBLE 78°N-71°S 


THE EAGLE 


AQUILA 


This constellation lies on the 
celestial equator in a rich area 
of the Milky Way near Cygnus, 
Scutum, and Sagittarius. It also 
shares borders with no fewer than 
nine other constellations. It is easily 
located thanks to its central bright 
star, Altair, and its near-twin 
companions, Alshain and Tarazed. 
Altair forms one corner of the northern Summer Triangle 
(p.190), a pattern of stars completed by Vega (in Lyra) 
and Deneb (in Cygnus). Aquila has few deep-sky 
objects of note. 

The constellation has been identified as an eagle 
in flight for at least 3,000 years. It may represent 
either the eagle that carried the thunderbolts of the 
Greek God Zeus or the God himself, taking the form 
of a bird in order to carry off the youth Ganymede, 
identified as neighboring Aquarius. 
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@ Shh 

$4 

4 Anser (0) 4.4 
D) August-September 


THE FOX 


The Dumbbell Nebula 
This colorful European 


Southern Observatory image 
yf 


highlights the presence 
different gases within the 
double-lobed Dumbbell 
Nebula. Amateur 


instruments show more 


FULLY VISIBLE 90°N-—61°S 
muted colors. 


: FEATURES | a Vulpeculae (Vul) 


| Alpha (c) Vulpeculae VU LPECU LA 
(Anser) With a modest / 
| Ores ena a tt A small, faint northern y 2 =~ 
| isared giant about 250 / constellation, Vulpecula lies in A F ‘ 
light-years away from Earth. | the Milky Way south of Cygnus me Ye 
Brocchi’s Cluster (the | It was introduced in the late 17th S¥/ f 
Coathanger) This small group | century by the Polish astronomer ( —( aw 
dint aaa a ue | Johannes Hevelius under the name \& a 
wn as the Coathange of Vulpecula cum Anser (the fox ee 
use of its shape. It with the goose), but its name has NORTHERN 
es ve AAS since been simplified to Vulpecula HEMISPHERE 
n binoculars. It consists of a handful of faint stars with no obvious 
s27 tthe Dumbbell Netaale) pattern and is best located by look Ing to one side of 
the brightest planetary the adjacent brighter constellation Pegasus 
ila in the sky and the Despite its relative obscurity, Vulpecula contains several 
ee impressive objects for binocular and small telescope 
St ihe Alarnetas f the full A i users, including M27, or the Dumbbell Nebula, and two 
| about 10x sht-year open star clusters—Brocchi's Cluster and NGC 6822. It is 
ml bid is ciats tee also home to the radio source PSR 1919+21, the first pulsar 
to be discovered. Once considered inexplicable, this is 


which it gets It ATT HE 
now known to be a rapidly spinning neutron star 
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| 


Beta (33) Delphini (Rotanev) | 
Slightly brighter than Alpha (q), 
Rotanev is a pure white star of 
magnitude 3.6 that lies 72 
light-years away from Earth 


Alpha (&) Delphini 
(Sualocin) A hot, blue-white 
star, Sualocin is located 190 
light-years away from Earth 
and shines at magnitude 3.8 


Gamma (y) Delphini This 
attractive double star, about 
125 light-years away from 
Earth, consists of two 
yellow-white stars of 


magnitudes 4.3 and 5.1 
They are easily separated 
with a small telescope 


VULPECULA | 


NGC 6934 


DELPHINUS 


{20h 
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THE \ 
DOLPHIN \ 


a Delphini (Del) 


The playful dolphin 

The kite-shaped Delphinus, on the edge of 
the Milky way near Cygnus, brings to mind 
a dolphin jumping from ocean waters. 


DELPHINUS 


This small but distinctive Ga 


constellation is situated between 


Aquila and Pegasus. 
Greek myth, Delphin 
a dolphin that saved 
musician Arion from 
after he leapt into th 
escape robbers onb 
Alternatively, the co 


According to 

us represents | Aha 

the poet and y| 

drowning 7 

e sea to — 

oard a ship. NORTHERN 
HEMISPHERE 


istellation is 


said to depict one of the dolphins sent by Poseidon, the 


god of the sea, to br 
to marry. It is one of 
the Greek-Egyptian 

Its brightest stars 


ing the sea nymph Amphitrite to him 
the original constellations listed by 
astronomer Ptolemy 

are Alpha (a) and Beta (§)—first 


given the names Sualocin and Rotanev in a star catalog 


compiled in 1814. W 


hen read backward these names 


reveal the words Nicolaus Venator, the Latinized name 


of Niccolo Cacciator 


e, an Italian assistant astronomer, 


who cheekily named the stars after himself 


PEGASUS 


\109 


Q° 
AQUARIUS 


DELPHINU 
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FEATURES 


| Alpha () Equulei (Kitalpha) 
| This yellow giant of magnitude 
3.9 lies 190 light-ye 
from the Sun and |: 
more luminous than it 


ars away 


75 times 


Epsilon (€) Equulei Thi 
triple star combine: 
alignment with a genuine 


3a chance 


binary 
telesc 


the primary star, of magnitude 


system. A small 

ope will reveal that 
5.4, ha ompanion of 
4 that just 


nthe 


d ( 


magnitude 7 
happens to lie same 
jirection. The fainter star 
ictually the closer of the 


two, | 


ying 125 light-year 


way 


compared to 200 light-years for | 


the primary. Larger tele 


reveal that ti 


pes 


e€ primary iS 


THE FOAL 


The foal’s head 


Equuleus cons 


ists Of a Small area of faint stars that 


can easily be overlooked. It is located between 
the constellations Pegasus and Delpninus and is 


visualized as a 


ka Equulei (Equ) 


FQUULEUS 


This is the second-smalle 
constellation in the sky, and 
are relatively faint. It represe 
head of a young horse and s 
ancient times has been seen 
a compan 
horse-shaped constellation 
Pegasus. Equuleus was cata 
along witt 
by the Greek—-Egyptian astro 
2nd century ce. One Greek IT 
the swift-footed foal Celeris, 


on to the nearby, larger 


48 other constellations 


foal’s head 


st 

ts stars 
its the 
nce 


as 


NORTHERN 
HEMISPHERE 


ogued 


nomer Ptolemy in the 


yth associated it with 


the offspring or brother 


of the better-known constellation Pegasus 


Equule 


JS is best located by looking in the wedge 


of sky between Epsilon (€) Pegasi, in the southwest 


corner of Pegasus, and the diamond-shaped 


constellat 
and multiple stars, and its br 
giant Kitalpha, or Alpha (@) E 


on Delphinus. Equuleus includes double 


ightest star is the yellow 
quule! 


4t Markab (a), Scheat (B) 2.5 
1) September-October 


FULLY VISIBLE 90°N-53°S 


FEATURES 


Alpha (a) Pegasi (Markab) 
Around 140 light-years away, 
this blue-white star is normally 
the brightest star in the 
constellation and shines at 
Magnitude 2.5. 


Beta ((3) Pegasi (Scheat) 
This red giant is different in 
color to the other stars in the 
Great Square of Pegasus. It lies 
200 light-years from Earth and 
varies unpredictably—usually 
shining at around magnitude 
2.7, but sometimes outshining 
Markab and occasionally 
becoming fainter than Gamma 
(y) Pegasi. 


M15 A bright globular cluster 
of magnitude 6.2, M15 is easily 
spotted through binoculars. 
More than 30,000 light-years 
away, it is one of the densest 
star clusters. It contains nine 
pulsars, the remains of ancient 
supernova explosions. 


THE WINGED 
HORSE 


Pegasi (Peg) 


PEGASUS 


One of the largest constellations, 
Pegasus covers an empty area 
of sky to the north of the zodiacal 
constellations Aquarius and Pisces. 
It is very easy to find, because its 
four bright stars (one of which 
is shared with the neighboring 
constellation Andromeda) form 
the Great Square of Pegasus. 
Famous as the winged horse in Greek mythology, 
Pegasus was born from the blood of the gorgon 
Medusa, after she was killed by the Greek hero 
Perseus. Although only the forequarters of the 
horse are indicated by stars, Pegasus Is still the 
seventh-largest constellation in the sky. It lies well away 
from the Milky Way, but interesting objects within its 
boundaries include the fine globular cluster M15 and 
the yellow main sequence star 51 Pegasi—the first star 
discovered to have an extrasolar planet. 


NORTHERN 
HEMISPHERE 


272 


FEATURES 


M2 The brighter of Aquarius’s 
two globular clusters, M2 
shines at magnitude 6.5 

and lies 37,000 light-years 
away from Earth. 


NGC 7009 (the Saturn 
Nebula) Another planetary 
nebula, this is 3,000 light-years 
away and shines at magnitude 
8.0. It appears to be of a size 
similar to the disk of Saturn, 
and when seen through a 
small telescope it looks like 

a greenish disk. 


NGC 7293 (the Helix 
Nebula) This is our nearest 
planetary nebula, some 300 
light-years away. At roughly 
the size of the full Moon, its 
light is spread across a large 
area, So it is hard to identify 
except in clear and dark 
skies. It is best seen through 
binoculars, which have 

a wide field of view. 
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2} Sadalmelik () 2.9 
D June-July 


THE WATER 
CARRIER 


eee VISIBLE 65°N-86°S 


Aquarii (Aqr) 


AQUARIUS 


One of the oldest Zodiacal 
constellations, Aquarius lies 
between Capricornus and Pisces, 
near the celestial equator. Its 
pattern is indistinct, but its brightest 
star, Alpha (&) or Sadalmelik, and 
the Y-shaped pattern formed by a 
group of four stars Known as the 
Water Jar are useful aids for locating 
it. In early May each year, the Eta (Nn) Aquarid meteor 
shower radiates from this area. 

Aquarius has been seen as a figure pouring water 
from a jug since the second millennium sce. According to 
Greek mythology, this figure depicts Ganymede, a young 
shepherd kidnapped by Zeus in the form of an eagle, 
represented by nearby Aquila, and carried away to 
Mount Olympus to serve as cupbearer to the gods. This 
constellation contains some great deep-sky objects, 
including the closest planetary nebula to Earth. 


NORTHERN 
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Eta (1n) Piscium The brightest 
Star in Pisces, Eta (1) is 

a yellow supergiant of 
magnitude 3.6, brighter than 
either of Alpha’s components, 
and more than twice their 
distance at 300 light-years. 


Alpha (q) Piscium (Alrescha) 
The second-brightest star of 
the constellation marks the 
point where the tails of Pisces’ 
fish join. Just 140 light-years 
away from Earth, this white 
double star's components 
shine at magnitudes of 4.2 
and 5.2, giving a combined 
magnitude of 3.8. Its stars 

are too close to separate 

with small telescopes. 


M74 This beautiful spiral 
galaxy, 25 million light-years 
away, is face-on to Earth. Its 
light is so spread out that it 

is quite a challenging target for 
small telescope users to spot. 


PISCES 


This zodiacal constellation 
lies between the constellations 
Aquarius and Aries and depicts two 
fish whose tails are tied with a cord. 
According to a Greek myth, the fish 
represent the goddess Aphrodite 
and her son Eros, who transformed 
into fish and plunged into the NORTHERN 
Euphrates to escape the fearsome AEA 
monster Typhon. This constellation’s most distinctive 
feature is the asterism known as the Circlet, a ring of 
seven Stars lying south of the Great Square of Pegasus 
(p.271). This ring marks the body of one of the fish. 
Although Pisces is a large constellation, it does 
not contain many objects of interest to the amateur 
astronomer. However, it does contain the vernal 
equinox—the point where the Sun crosses the celestial 
equator in March each year. This is used on star maps 
as the origin of the celestial coordinate system. 
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FEATURES 


Omicron (0) Ceti (Mira) With 
a name derived from the Latin 
for “wonderful,” Mira is among 
the most prominent variable 
stars in the sky. It varies 
between magnitudes 10 and 

2 over a cycle of 332 days. This 
unstable red giant undergoes 
a long but regular cycle of 
pulsations. Hence, depending 
on how much it pulsates it can 
be either a naked-eye star or 
one that is visible only with 

a telescope 


Tau (T) Ceti One of the 
closest stars to Earth, Tau is 
also the most Sun-like of stars 
due to its temperature and 
brightness. It lies just 11.9 
light-years away, Surrounded 
by a swarm of asteroids and 
comets. Technically, it is a 
yellow subdwartf. If it has 
planets in orbit around it, they 
could be prime candidates for 
extraterrestrial life. 


THE SEA 
MONSTER 


_ Ceti (Cet) 


CEIUS 


One of the original 48 Greek 
constellations, Cetus straddles 
the celestial equator. It is large 
but relatively faint, and is best 
found by looking southwest of the 
more distinctive Taurus. Although 
its name suggests that it depicts a 
whale, Cetus is represented on old SOUTHERN 
star charts as an unlikely looking, eet yt ors 
almost comical, hybrid sea monster. 

The constellation is not easy to identify, because 
it can vary significantly in appearance depending 
on the brightness of its most famous star, Mira or 
Omicron (0) Ceti. In 1596, the Dutch astronomer 
David Fabricius noticed what he thought was a new 
star in Cetus. It was soon realized that it was not a 
new star, but that Mira had increased in brightness 
in a long but regular cycle of pulsations, making it 
the first variable star to be discovered. 
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D January-February 


| FULLY VISIBLE 56°N 


NGC 2362 

With a bright star of 
magnitude 4.4 at its 
center, this open star 
Cluster is easy to find 
with the naked eye. 
NGC 2362 is around 25 
million years old 


THE GREATER DOG 


BA Canis Majoris (CMa) 


CANIS MAJOR 


FEATURES ; 


Alpha (0) Canis Majoris 
(Sirius) The famous “Dog Star” 
is 23 times more luminous 


than the Sun. It shines at 


Following obediently behind Lia 
Orion, the hunter, on his journey y 7 SN 


a brilliant magnitude -1.4 

a it lies just 8.6 across the sky, Canis Major is host f or get 
ight-years away. Sirius is a : a E 5 al ] 
te eteterhe the primary’ star to Sirius, the brightest star in the 


is orbited by a faint, white dwarf 
called Sirius B 


entire sky and one of our closest \ ica se ene 
neighboring stars. This ancient 


Beta (3) Canis Majoris constellation is depicted as the a 
(Mirzam) At magnitude 2.0, larger of Orion’s two hunt ng SOUTHERN 
Mirzam is far outshone by HEMISPHERE 


Sirius. In reality, this blue giant, 
which lies 500 light-years from 
Earth, is a far more luminous 
star than Sirius. 


M471 This open cluster of stars, 
lying around 2,300 light-years 
away, Is visible to the naked 
eye as a hazy patch the size 

of the full Moon. Binoculars 
distinguish its brightest stars, 


of stars radiating from its center. 


dogs, the other being Canis Minor. 


According to another interpretation, Canis Major is 


Laelaps, a mythical fleet-footed 
Teumess 
Sirius, along with Procyon in 
Orion, forms a triangle around the celestial 


pursuit of its prey, the 


Betelgeuse in 


equator. The rising of S 


by the ancient Egyptian 
flooding. Since the constellation lies across 


Nile’s annual 
the Milky Way, it contai 


dog, trapped in endless 
an fox. 
Canis Minor and 


rius alongside the Sun was used 
S to predict the timing of the 


1S several star clusters and other 


features of the deep sky. 
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Beta (f) Orionis (Rigel) 
Apart from rare occasions 
when Betelgeuse is at its 
maximum magnitude 0.0, 
Rigel is Orion's brightest star. 
It is a brilliant blue-white 
supergiant of magnitude 0.1, 
about 770 light-years away. 


Alpha (&) Orionis 
(Betelgeuse) Some 430 
light-years from Earth, this is 
one of the brightest red giants 
in the sky. Its magnitude 
varies unpredictably between 
magnitudes 0.0 and 1.3. 


M42 (the Orion Nebula) 
Marking the “sword” to the 
south of Orion's belt, M42 is a 
huge star-forming region about 
1,500 light-years away. Visible 
to the naked eye, it is a 
beautiful sight through 
binoculars or a small telescope, 
with the Trapezium cluster of 
newborn stars lying within it 


ORION 


One of the most glorious 
constellations in the sky, Orion 
represents a giant hunter or warrior 
facing a charging bull, Taurus, and 
followed by his dogs, Canis Major 
and Canis Minor. An ancient 
constellation, the Syrians knew it as 
Al Jabbar, the Giant, and the ancient 
Egyptians as Sahu, the soul of Osiris. 
Orion's position on the celestial equator ensures that 
it can be seen from all over the world. Its most distinctive 
feature is Orion's belt, formed by a line of three 2nd- 
magnitude stars almost exactly on the celestial equator. 
Orion also contains two of the brightest and best known 
stars—Rigel and Betelgeuse. A group of stars and 
nebulosity marks the sword hanging from Orion's belt and 
contains the great star-forming region of the Orion Nebula. 
Every October, the Orionid meteors seem to radiate from 
a point near Orion's border with Gemini. 
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THE ORION NEBULA REGION ORION THE HUNTER 

SOR 

In Greek mythology, Orion was the 
son of the sea god Poseidon, famed 
for his strength and handsome looks. 
The Greek poet Homer described 
him as a great hunter brandishing 

a club of bronze, who was often 
seen as the companion of Artemis, 
goddess of the hunt. In one legend, 
the boastful Orion claimed he could 
overcome any animal on Earth, so 
the Earth goddess brought forth a 
scorpion to sting the hunter to death. 
Orion was thus placed opposite the 
constellation of Scorpius in the sky. 


The Orion Nebula 

This image was captured by the 
Hubble Space Telescope, but even 
through binoculars this nebula 
reveals its spectacular flowerlike 
structure. It is one of several nebulae 
around Orion‘s belt and sword. 
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FEATURES 


Alpha (a) Canis Minoris 
(Procyon) This white star 

is the eighth-brightest in the 
night sky. Its name means 
"before the dog” in Greek, 
because from Mediterranean 
latitudes it rises shortly before 
the brilliant Dog Star, Sirius. 
Somewhat less luminous than 
Sirius and slightly farther away 
at 11.4 light-years, Procyon 
shines at magnitude 0.34. It 
is seven times more luminous 
than the Sun 


Beta (3) Canis Minoris 
(Gomeisa) Lying about 

150 light-years away, this 
blue-white star of magnitude 
2.9 is far more distant and 
much more radiant than 
Procyon. Its name is derived 
from the Arabic for “the 
bleary-eyed woman,” which 
refers to the weeping sister 


of Sirius, whom he left behind 


| 


. 


GEMINI | 


} 


__|MONOCEROS 


A Canis Minoris (CMi) 


THE LITTLE DOG 


Lone star 

Unlike the distinctive 
constellation of the greater 
dog (Canis Major), Canis Minor 
consists of little more than its 
brightest star, Procyon 


CANIS MINOR 


One of the ancient conste 
listed by the Greek—-Egyptian 
astronomer Ptolemy in the 2 
century ce, Canis Minor lies v 
on the celestial equator. It is 
identified as the smaller of O 
two hunting dogs, although 
has also been identified witt 


hounds of Diana, the goddess of the 


usually 


lations 


1d 
rtually 


rion’s 


+ 


the SOUTHERN 
HEMISPHERE 


hunt. It is easily located by its brightest star-—Procyon, 


or Alpha (@) Canis Minoris. P 


rocyon forms a large triangle 


with two other 1st-magnitude stars: Betelgeuse in Orion 


and Sirius in Canis Major. 
Coincidentally, Procyon ar 
the same distance from Eart 


their brightness is representative of a true difference 


1d Sirius are both roughly 
h, so the difference in 


in their luminosity. Despite its prominence, Canis Minor 


is one of the smaller constell 
particular note to small teles 


ations and contains little of 
cope users 


; FEATURES Bers: 


Alpha () Monocerotis 
(Unicorni) This bright, orange 
giant star lies about 175 
light-years from Earth and 
shines at magnitude 3.9. 


Beta ((3) Monocerotis (Eite) 
This beautiful triple star is 
separated in a small telescope 
to reveal a chain of three 
blue-white stars of magnitude 5. 


M50 This is one of many open 
clusters populating a rich band 
of the Milky Way as it passes 
through Monoceros. Small 
telescopes will reveal its 
individual stars. 


NGC 2244 This star cluster 
lies at the heart of the Rosette 
Nebula—a glowing gas cloud 
and outlying part of a huge 
star-forming complex centered 
on Orion. It is a diffuse nebula, 
but can be seen with good 
binoculars on a dark night. 
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THE UNICORN L 
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ae ‘ 
| Monocerotis (Mon) 


MONOCEROS 


The W-shape of the constellation 
is easy to overlook because of the 
presence of its brighter neighbours, 
but Monoceros can be easily 
located with reference to the 
constellations Orion and Canis 
Major. It sits on the celestial equator 
in the middle of a triangle formed SOUTHERN 

by the brilliant first-magnitude stars HEMISETERE 
Betelgeuse in Orion, Procyon in Canis Minor, and Sirius 
in Canis Major. 

The origins of the constellation, depicting the mythical 
unicorn, are unknown, but it was first written about in 
the 17th century. Its introduction has been attributed 
to the Dutch astronomer Petrus Plancius in 1613 and 
to the German scientist Jakob Bartsch in 1624, but some 
have claimed that it has a more ancient origin. Monoceros 
is rich in star clusters and nebulae because the Milky 
Way runs through it, but it lacks bright stars. 


NGC 3242 
Also known as the 


——————_eE-: “Ghost of Jupiter” 

ull 1 on account of 
its planetlike 

at atatatatata appearance, this 

t Sea) planetary nebula 


is best seen with a 
small telescope and 
appears distinctly 
bluish to observers. 


tt Alphard (cx) 2.0 
D February—June 


| FULLY VISIBLE 54°N-83°S) —— 
Se ee ae | —_— ~~ ~— 13h 
—_—_ =. $s SR! heya Ni 
_— | { CORVUS. 
(50% ae lewege 


ene CENTAURUS 


THE WATER 


-40° \ - 
: ‘ ' = ee 
h \ =. Ta —— 
| Hydrae (Hya) . 


Alpha (a) Hydrae (Alphard) 
This star’s name means “the 


HYDRA 


aeeeeerer ete Sone | The largest constellation in the 

| area of sky. An orange giant of night sky is a hard-to-trace chain of 

/ lbs opi te Stars of mostly average brightness. 

ee ay ‘ Hydra stretches for more than a 
Epsilon (€) Hydrae This quarter of the way around the sky. 
‘elovandbuscorearets | [tS head lies south of Cancer and 
of magnitudes 3.4 and 6.7 just north of the celestial equator, 
that can be separated with while its tail is in the Southern SOUTHERN 
a moderate-sized telescope Hemisphere between Libra and HEMISPHERE 

| M48 An open cluster, M48 Centaurus. Its brightest star, Alphard, marks its heart. 

| pe At atten The constellation’s name translates as the water 

| Monoceros.Itcontains about | Snake. In legend it is associated with Corvus, the crow, 
80 stars and is just visibleto | and Crater, the cup, both of which lie along its back. 
Te RAR AS ht ar Hydra also shares its name with the multiheaded 
M83 This face-on spiral galaxy, monster fought by the mythical hero Hercules. 
Mik ented Yo: Despite its size, there is little to mark out Hydra other 
that can be Spotted with ease than the group of six moderate stars that form its head. 
through a small telescope It is largely devoid of deep-sky objects, apart from some 


distant galaxies that are mostly difficult to spot. 
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The Southern Pinwheel 
Close-ups of the spiral 
galaxy M83, such as this 
one captured with a very 
large telescope, reveal 
sharply defined pinkish 
regions of star formation 
in its spiral arms. M83 has 
roughly half the diameter 
of our Milky Way 


THE AIR 
| PUMP 

| NGC 2997 

| This elegant spiral galaxy seen 

here through a telescope of 

very large aperture is inclined at 

: ~40° | about 45 degrees to our line of 

“ ; | sight. Along its spiral arms are 

\ VELA } pink clouds of hydrogen gas 
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NGC 3132 
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: FEATURES } fF Antliae (Ant) 
medics | ig AUNT TILIA 


luminous than the Sun, but at | . P P oe 
picietart sof aes liohtyeare. | This is a faint constellation to a ~~ 
from Earth, it shines ata weak | the south of Hydra, best found by y Pops: » 
magnitude of 4.3 | looking to the northeast of the Milky | iss fal \ 
Theta (0) Antliae At | Way as it passes through Puppis Tee 
magnitude 4.8, Theta (#)isthe | The French astronomer Nicolas gta) 
constellation’s second-brightest QAR er = X ae f 7 
| de Lacaille introduced this y 
tar. It is actually a double | . ~~ g 
sisting of white and yellow constellation for his 1756 map ae 
tars of magnitudes 5.6 anc of the southern skies. Like most SOUTHERN 
ng 385 light-years awa £ hhte hea HEMISPHERE 
nine s of his constellations, it honors a 
telescopes to separate ther scientific invention—in this case, the air pump used by 
the French scientist Denis Papin and the British physicist 
NGC 3132 (the Eight-burst ; 
ad Robert Boyle for their experiments on gases 


Nebula) Sometimes referred 
to as the Southern Ring Antlia contains no named stars, bright clusters, or 
stele 8 Ek, nebulae, and is of little interest to those with binoculars 


or a small telescope. However, it contains a relatively 
close cluster of galaxies, known as the Antlia Cluster 


This cluster f aS al 


elescope brighter members, around 32 million light-years away, 


ound 230 member galaxies, and its 


can be observed with larger amateur telescopes 


THE SEXTANT 


The Spindle Galaxy 

A lenticular galaxy seen edge-on 

from Earth, NGC 3115 appears highly 
elliptical in shape. A small to moderate 
telescope is needed for a proper view. 


NGC 3115. 
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FEATURES BA Sextantis (Sex) 


Alpha () Sextantis This S FX TA N S 
blue-white giant star is some 


340 light-years from Earth 
Due to this distance, Alpha 


Small and indistinct, the 


(@) shines at a relatively constellation Sextans lies exactly 

Weak magnitude 4.5 on the celestial equator. However, | 

Beta (8) Sextantis Another its pattern is easy to find since it 

blue-white giant, Beta () is lies to the south of the bright star 

more luminous than Alpha (qa), at 

Reet iraaches macnitude Regulus in the constellation Leo. & 

5.1 in our skies b This constellation was introduced 

520 light-years a | in 1687 by the Polish astronomer ee 
NGC 3115 (the Spindle | Johannes Hevellus. It represents 

Galaxy) One of the closest the sextant, a scientific instrument used by navigators, 


large galaxies, NGC 3115 lies 


® 


ong with an accurate clock, to determine their 


some 14 million light-years 


away. Its huge, bulging disk positions. The sextant continued to be used for 

of stars appears elliptical or charting locations onboard ships right up to the 
spindle-shaped because it is era of electronic navigation. 

viewed edge-on from Earth, 

giving the Spindle Galaxy its Sextans lies away from the Milky Way and has no 
popular name. The combined bright or named stars, clusters, or nebulosity. However, 
light of its stars reaches 

She glanaal it contains several galaxies, including one that lies just 
just visible in binoculars beyond our own Local Group (p.146). Most of these 


= | galaxies require large telescopes for a detailed view 
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THE CUP 


NGC 3981 

This elegant barred spiral 
galaxy, just visible through a 
small telescope, lies around 
82 million light-years away 
and has about two-thirds the 
diameter of the Milky Way. 


FEATURES ie Crateris (Crt) 


- Delta (5) Crateris Crater’s €é RATE R 
| brightest star has ended up 


with the designation Delta (6) 


sheosieh histcrGal accldenk An A faint constellation located eS) CT oe 
orange giant of magnitude 3.6, between Virgo and Hydra, Crater / we » 
INES G2 Kent-years trom Earn s relatively easy to locate thanks ree! | 
Gamma (y) Crateris This to its distinctive bow-tie shape. It | Syatee 
white star, 75 light-years represents the drinking cup of the aghast) 
away and of magnitude 4.1 ron 2 10a ? 4 
has afelnk Biren Companion Greek god Apollo. Legend links Ree 
that can be seen through a t to the crow of Corvus—the —_ 
small telescop constellation that lies directly to SOUTHERN 

| ts x2 St dt th a) ater sn k 5 of HEMISPHERE 

"alpha (0) Crateris S east—and to the water snake o 

| Significantly fainter than | Hydra below. All three constellations 

| blest HURTS) are among the 48 ancient star patterns listed by 
magnitude 4.1, Alpha (a f 7 : 
is a yellow giant about 1 the Greek—-Egyptian astronomer Ptolemy in the 2nd 
light-years away from Earth century ce. Later astronomers attempted to introduce 

two other constellations to the area—Felis, the cat, 


and Noctua, the owl. However, these have since been 
dropped in favor of Ptolemy’s earlier patterns 

Although larger than Corvus, Crater lacks bright stars, 
clusters, and nebulae, but it does have some galaxies 


that can be observed with large amateur telescopes 


THE CROW 


The Antennae 

This photograph reveals the turbulent 
clouds of dust released by the galactic 
collision of NGC 4038 and 4039 
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| FEATURES 2 ii Corvi (Crv) 


Gamma (y) Corvi (Gienah) G® RV U S 
Corvus's brightest star, 
Gamma (y) is a blue-white . : : — 
star of magnitude 2.6, lying at This constellation lles to y 
a distance of 220 light-years. the southwest of the bright star y 
mshiares its common name, Spica, in Virgo, and its four brightest  f 
Gienah, with Epsilon (€) Cygni : , [veer 
Stars define its roughly rectangular Fam 

Delta (5) Corvi This shape. In Greek mythology, Corvus ‘ \ / 
double star is a good target \ 
for small telescopes. The bright noe Be sent by Apollo to fill ~“ 3B S 
blue-white primary is orbited | his cup with water from a spring : 
by a deeper blue or even (the cup is represented by the oe oatee 
ee egies 2 neighboring constellation Crater). 
Alpha (c) Corvi (Alchiba) However, Corvus stopped to eat figs and returned late, 
a at aed clutching a water snake (Hydra) in its claws. It blamed 

signation, Na (Ol) IS ‘¢ 4 
outshone by Gamma (y), Beta the snake for blocking the spring. Angered at the lie, 
(B), and Delta (6) Corvi. It is a Apollo flung the cup, the crow, and the snake into the 


white star 52 light-years away, sky, where they lie preserved. 
shining at magnitude 4.0 


. Corvus has no bright clusters or nebulae of interest 


NGC 4038 and 4039 | to amateur astronomers. Although there are galaxies, 
(Antennae Galaxies) These too f f | itd 
colliding galaxies are barely they are too faint for most amateur telescopes. It does, 
visible with small telescopes. | however, contain NGC 4038 and NGC 40339, a pair of 


_ + colliding galaxies that can be seen with large instruments 
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FEATURES 


Alpha (a) Centauri (Rigil 
Kentaurus) At 4.3 light-years 
from Earth, this is the closest 
star system to the Sun 
Binoculars reveal that it is a 
multiple, consisting of yellow 
and orange stars of magnitudes 
0. and 1.3 respectively. A third 
member, Proxima Centauri of 
magnitude 11, can be spotted 
with a good telescope. 


Omega (@) Centauri (NGC 
5139) Despite its stellar 
name, Omega (@)) is a globular 
cluster. It is a tight ball of 
several million stars, lying 
17,000 light-years away and 
shining at magnitude 3.7.A 
small telescope will reveal its 
brightest individual members. 


NGC 5128 (Centaurus A) 
This bright galaxy is an active 
elliptical, about 15 million 
light-years away, that gives 
out strong radio signals 


THE CONSTELLATIONS | CENTAURUS 


~_ Centauri (Cen) 


CENTAURUS 


This prominent constellation 
of the southern skies is located 
between Lupus and Scorpius on 
one side, and Carina and Vela 

on the other. Centaurus represents 
the mythological centaur Chiron, 
a creature with the torso of a 

man and the legs of a horse. The 
constellation of Crux sits neatly 
between the centaur’s forelegs and hindlegs. Chiron is 
one of two centaurs in the sky (the other is Sagittarius, 
the archer). He was the wisest of the centaurs and tutor 
to many Greek heroes. 

Arich stream of the Milky Way passes through 
Centaurus, which also contains the sky's brightest globular 
cluster, Omega (@) Centauri, and an unusual galaxy NGC 
5128, also known as the radio source Centaurus A. It also 
contains Alpha (a) Centauri—the nearest star system to 
the Sun and the third brightest star in the sky. 


SOUTHERN 
HEMISPHERE 
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| DBD Aprilsune 
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ULLY VISIBLE 25°N-90°S 


Celestial centaur 

fhe stellar pairing of Alpha (a) and Beta 

(B) Centauri guides the eye to Centaurus. 
The familiar pattern of Crux lies beneath 
the centaur’s body. 


NGC 5139 
Seen here from the 
observatory in La 
Silla, Chile, this is 

r the largest 

jlar cluster 

r galaxy. 

Astronomers believe 
that it may be the 
surviving core of an 
ancient dwarf ga 


by the Milky Way. 


288 


ull 46 
eo 
t Wh 
2 Alpha (q) 2.3 
D May-June 


THE CONSTELLATIONS | LUPUS Sia 


FEATURES 


Alpha (c) and Beta (3) 

Lupi Lupus’s two brightest 
stars are almost identical and 
are close neighbors in space. 
Both are blue giants about 

650 light-years away, but 

Alpha is slightly closer, giving 

it a magnitude of 2.3 compared 
to Beta’s 2.7. 


Mu (11) Lupi A multiple star, 
this is one of the easiest to 
split. Small telescopes will 
easily show that the primary, 

a blue-white star of magnitude 
4.3, has a companion of 
magnitude 7. Larger telescopes 
will reveal that the primary is 
itself a double, composed of 
twin stars of magnitude 5.1 


NGC 5822 This large and rich 
open cluster contains more 
than 100 stars. Lying about 
2,600 light-years away, it has an 
overall magnitude of 7.0 and 
can be seen with binoculars 


THE WOLF 


; Lupi (Lup) 


LUPUS 


A constellation of the southern 
sky, Lupus lies on the edge of the 
Milky Way between Centaurus and 
Scorpius. Despite being relatively 
bright, it is cursed with a complex 
jumble of stars that can make it 
rather hard to identify. It was one 
of the original 48 constellations 
familiar to the ancient Greeks. They 
visualized it as a wild animal of unspecified nature, 
impaled by neighboring Centaurus, the centaur, on 
the end of a long pole called a thyrsus. In consequence, 
Centaurus and Lupus were often regarded as a 
combined constellation. The identification of Lupus 
as a wolf only seems to have become common during 
Renaissance times. 

The constellation’s location in the Milky Way means 
that it contains numerous double stars and interesting 
objects for amateur observers. 


SOUTHERN 
HEMISPHERE 


Epsilon (€) Sagittarii This 
star of magnitude 1.8—the 
constellation's brightest—has 
a very faint binary companion. 


Beta (f) Sagittarii (Arkab) 
This apparent double star, 
consisting of two stars at 
about magnitude 4.0, can 

be split with the naked eye. 
But its stars are a chance 
alignment: in reality they are 
140 and 380 light-years away. 


M8 (the Lagoon Nebula) 
The largest and brightest 
deep-sky object in the 
constellation is visible to 
the naked eye as a light 
patch of sky. It is easy to 
identify with binoculars. 


M22 Visible to the naked eye 
and a fine sight in binoculars, 
this is the brightest of several 
globular clusters on the 

northern edge of Sagittarius. 
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ARCHER 


SAGITTARIUS 


This prominent zodiacal 
constellation is found between 
Scorpius and Capricornus in the 
southern celestial hemisphere. It is 
easily identified thanks to a highly 
recognizable pattern of 10 stars 
known as the Teapot. Although old 
star charts depicted Sagittarius as a 
centaur, in Greek mythology it was 
also identified as a creature called a satyr, mounted on 
horseback. He is usually said to be Crotus, son of the 
nature god Pan and inventor of archery. 

Sagittarius lies in the direction of the center of our 
galaxy, the Milky Way, and is home to numerous star 
fields and clusters, including over 60 open and globular 
clusters and several large, bright nebulae, making the 
constellation a rewarding sight for binoculars or any 
telescope. The heart of the Milky Way itself lies hidden 
beyond these star clouds, some 26,000 light-years away. 
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Alpha (q) Scorpii (Antares) 
With a name that means “rival 
to Mars,” Antares is a giant star 
9,000 times as luminous as 
the Sun. It varies in brightness 
between magnitudes 0.9 and 
1.8 in a roughly five-year 
cycle. A red supergiant, 
Antares is hundreds of times 
larger than the Sun and lies 
600 light-years from Earth. 


M4 A globular cluster, 7,000 
light-years away and in orbit 
around the Milky Way, M4 
shines at magnitude 7.4, 
making it a good target for 
binoculars or a telescope. 


M6 This fine open star 

cluster is visible to the naked 
eye as a knot in the Milky 
Way, just above the scorpion’s 
tail. Binoculars or a small 
telescope will reveal dozens 
of individual stars. Mé lies 
2,000 light-years away. 


SCORPIUS 


Beautiful and easily recognizable, 
the zodiacal constellation Scorpius 
is situated in the southern sky 
between Sagittarius and Libra. 

In Greek mythology, Scorpius 
represents a scorpion sent by the 
goddess Artemis to kill the hunter 
Orion—fittingly, Orion sets as 
Scorpius rises. The scorpion is 
usually depicted with a raised tail, marked by a curve 
of stars that is very prominent on a clear, dark night. 
Antares, the brightest star, marks the animal's heart. 
Libra once represented its claws. 

The scorpion’s tail passes through a rich area of the 
Milky Way. Consequently, there are a variety of targets 
for small telescopes, especially dense star clouds and 
clusters. Many of the constellation’s bright stars are 
members of a scattered cluster, the Scorpius—Centaurus 
OB Association, around 430 light-years away from Earth. 
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M30 

This globular cluster, some 
90 light-years across, Owes its 
unusual structure to a core 
that has collapsed into a 
dense knot, leaving extended 
tendrils of stars behind 


= 
c 
= 
| & 
s 
2 
rs] 
é 
m 
oO 
4 
| F 
a) 
ros) 
2 
7.) 


g Capricorni (Cap) 


Alpha () Capricorni (Algedi) CA p R | ae} R N U S 
The brightest components 


of this multiple system can be 
| separated with binoculars or 


Lying in the southern sky 


good eyesight. They include between Sagittarius and Aquarius, / &\ 
a yellow supergiant (a) and Capricornus is best found by looking £ \ 
an orange giant (0), 690 and : aie ; E73. 4 F } 
109 light-years away, with o the northwest of its brighter | | 
magnitudes 4.2 and3.6.small | neighbour, the celestial archer \ / 
telescopes reveal the yellow Sagittarius. Capricornus is 
supergiant to be a double star, ¢ 
while larger ones show the he second-faintest zodiac sr 
orange giant as a triple star constellation after Cancer. Despite SOUTHERN 

ts relatively small size, it may be the eAuRe AEN: 
Beta ((3) Capricorni (Dabih) ole y sme a ay be vie 
A yellow giant of magnitude oldest constellation—depictions of a strange goat with 
3.3, Dabih reveals a faint the tail of a fish have been found on Babylonian seals 
companion when viewed ’ r = o 
through binoculars. It is a more than 4,000 years old. In Greek myth, Capricornus 
complex multiple containing represents the goat-like god Pan, who jumped into a river 


5-8 stars in orbit around one 


a and became part fish to escape from the monster Typhon 
another, 330 light-years away. 


Capricornus lies at some distance from the Milky Way 
in a comparatively empty region of the sky. As a result, it 

light-years away and visible contains few deep-sky objects for amateur astronomers. 

through a pair of binoculars Its most interesting targets are multiple stars and a 
as —| globular cluster. 


M30 This globular cluster of 
magnitude 7.5 is 27,000 
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THE MICROSCOPE 


NGC 6925 

Lying almost edge-on to Earth, 

galaxy is visible to 

7ed amateur telescopes. 

It is receding from Earth at a speed 
yme 1,750 miles (2,800 km) per 


this spira 


medium-s 


second. This image was Captured 


i FEATURES \ | Microscopii (Mic) 
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| This yellow giant lies 24 


See Oe A fairly insignificant constellation, a 
Microscopium lies to the south of N 
cht al Nec dela Capricornus in the mid-southern Ege \ 
op ne ag arpa sky. It is best found by looking for | Ss 
Theta’s (9) variations are hard a roughly rectangular pattern of bahia. 7 
. it a : ‘ahaa ety indistinct stars between the 
fA 12-da ( constellations Sagittarius and —_—s 
Piscis Austrinus SOUTHERN 


Alpha (a) HEMISPHERE 


Microscopii ' 
Microscopium Is one of several 
small, faint groups added to the night sky by the French 


istronomer Nicolas Louis de Lacaille in the 1750s and 


Stly named after scientific instruments. It depicts an 

y design of the compound microscope. Its distance 

from the Milky Way means that it contains no deep-sky 

U Microscopii ybjects except for galaxies, most of which are too faint 
ed giant IS a mor | for amateur telescopes. One interesting but faint star is 


U Microscopil, near the border with Sagittarius. This red 
sht-years away from Earth, is surrounded by 


sk of dusty, potentially planet-forming material 


4 Fomaihaut () 1.2 
D) September-October 
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Alpha (c) Piscis Austrini 
(Fomalhaut) At magnitude 
1.2, this blue-white star is one 
of the brightest in the sky. Just 
25 light-years away, it was the 
first star found to be encircled 
by a ring of cold, icy material 
(potential building blocks for 
planets). This extends over 
twice the diameter of our 
own solar system 


Beta ((3) Piscis Austrini 

This double star, 135 light-years 
away, consists of a primary of 
magnitude 4.3 with a widely 
spaced star of magnitude 7.7 
that can easily be seen 
through a small telescope 


Gamma (y) Piscis Austrini 
This double star, with 
components of magnitudes 
4.5 and 8.0, is more difficult 
to separate from Gamma (y) 
because its stars are closer 
They lie 325 light-years away. 
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S AQUARIUS 


THE SOUTHERN FISH 


The fish's mouth 

Owing to its brightness, 
Fomalhaut stands out from the 
other stars in Piscis Austrinus. 
Its name is derived from the 
Arabic for “mouth of the fish.” 


Be Piscis Austrini (PsA) Te aa sc 


RISGIS AUSTRINUS 


This small ring of generally faint 
stars is made easier to find by the 
presence of Fomalhaut, one of 

the brightest stars in the sky. Piscis 
Austrinus was invented in ancient 
times and is one of the most 


es 


southerly members of a list of ae 
48 constellations drawn up by SOUTHERN 
HEMISPHERE 


the Greek—-Egyptian astronomer 

Ptolemy in the 2nd century ce. It is often depicted as 
a fish drinking from water poured by nearby Aquarius 
and has also been regarded as the parent of the more 
northerly fishes of Pisces. The constellation has also 
been called Piscis Australis. 

Piscis Austrinus lacks bright clusters and nebulae, 
and most of its galaxies are too faint for amateur 
telescopes, with the exception of the spiral NGC 7314, 
which can be spotted with larger instruments. However, 
the constellation does contain some fascinating stars. 
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: image was captured by the 
. : wae §=HUbbIe Space Telescope 
FEATURES & Sculptoris (Scl) mg 
Alpha (c) Sculptoris The 


light-year: 


Gumiand shinee This faint and unremarkable 
at magnitude 4.3 | southern constellation to the south y 
; | of Cetus is easily located because it # 
NGC 55 An 8th-magnitude fa 
spiral galaxy, NGC 55 is only | lies directly to the east of the bright — | 
| 6 million light-years away, in | 
the galaxy cluster just beyond 


star Fomalhaut in Piscis Austrinus 
t is one of the more bizarr 
constellations added to the sky eo 
| by the French astronomer Nicolas SOUTHERN 
formation, and is an easy k 
tereetfor smalltelescope Ouis de Lacaille in the 18th century 


he edge of our own 
} Group (p.146). It Is me 
| 

dust cloud: 


Local 
ttled with 
and areas of st 


HEMISPHERE 
itended as it was to represent a sculptor’s workshop 
Ser pa | The constellation has no stars brighter than 
‘called Sculptor Group, thi Magnitude 4.3 and lies far from the Milky Way, so it 
piral galaxy is about 9 milli appears to be insignificant. However, it contains the 
et Oo eer : south pole of our Galaxy—the point 90 degrees south of 
shines at around magnitude the plane of the Milky Way. Looking in this direction, we 
Through binocularsit = | see straight “down,” out of the plane of our ae and 
ei Gece ee avoid intervening stars, gas, an 
diameter as the full Moor 


id dust. As a result, good 
telescopes can reveal numerous galaxies within Sculptc 
| including some of our closest large galactic neighbors 


This loose globular cluster 
appears as a hazy patch in 
small telescopes. Apertures 
of 4in (100mm) or more 
will reveal the individual 
members of the cluster. This 


brightest star in Sculptor is SG U LPTO R 
this blue-white giant, 590 
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FEATURES 


Alpha (a) Fornacis The 
constellation’s brightest star 
is a double, easily split in 

a small telescope to reveal a 
magnitude-3.9 yellow star 
with an orange companion 
that has a magnitude of 6.9 


NGC 1097 Sixty million 
light-years away and shining at 
magnitude 10.3, this is one of 
the sky’s brightest barred spiral 
galaxies. A small telescope will 
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NGC 1316 
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; PHOENIX | 


NGC 1365 

A barred spiral and one 

of the brightest galaxies 

in the Fornax Cluster, NGC 
1365 lies some 75 million 
light-years away from Earth 
Its core can be seen with 
small telescopes 


a Fornacis (For) 


FORNAX 


Situated to the south of the sea 
monster Cetus and enclosed within 
the bend of the celestial river 
Eridanus, this undistinguished 
constellation of the southern sky 

is made up of a handful of faint 
stars. Fornax was introduced by the 
French astronomer Nicolas Louis de 


é it 


f 


SOUTHERN 
HEMISPHERE 


show its brig 
but a larger ir 


it central nucleus, 
strument Is 


needed to show the barred 


Lacaille in the early 1750s. Originally 

named Fornax Chemica, the Chemist’s Furnace, it 
represents a device used by chemists for distillation. 

s not rich in either stars or clusters. However, 
it is home to the Fornax Cluster, a cluster of galaxies 


structure and a dark column 
of dust through the center 
Fornax 
NGC 1316 This unusual galaxy 
is associated with a strong 
radio source called Fornax A 


It appears to be an elliptical galaxies within the cluster 


galaxy that re 


cently absorbed 


another one 


Just and gas have 


amateur equipment. Anot 


about 75 million light-years away from Earth. The brighter 


can be observed with any 
Yer small region of the 


constellation was observed for more than a million 


awakened its central black 


| 
| hole, making its core active 
} 


seconds Ir 


2003 to produce the Hubble Ultra Deep 


Field, one of our deepest views of the Universe 


4 Alpha (x) 4.5 
1) December—January 


FULLY VISIBLE 41°N-90°S 


FEATURES 


Alpha (q) Caeli The brightest 
star in Caelum is a paltry 
magnitude 4.5. It is a white 
star 62 light-years away. 


Gamma (y) Caeli Sitting 

on Caelum’s boundary with 
Columba, Gamma (¥) is an 
orange giant of magnitude 4.6 
some 280 light-years away. A 
small telescope will reveal that 
it is a binary star, with a faint 
companion of magnitude 8.1 


Beta ({3) Caeli Like Alpha 
(a) Caeli, this is a white star 
of average luminosity. About 
65 light-years from Earth, it 
shines at magnitude 5.1 


R Caeli This is a variable red 
giant, with a long period of 
fluctuation of around 400 days. 
At a peak magnitude of 6.7, 

R Caeli can easily be spotted 
through binoculars near the 
northern border with Eridanus, 


THE CHISEL 


Inconspicuous shape 

Caelum is relatively easy to locate in the southern 
sky because it lies to the west of the brilliant stars 
Sirius in Canis Major and Canopus in Carina. 


@ Caeli (Cae) 


CAELUM 


Sandwiched between Eridanus 
and Columba, this small and faint 
southern constellation is best 
found by looking to the southwest 
of the more distinctive Lepus 
(p.297). Caelum is another of the 
French astronomer Nicolas Louis 
de Lacaille’s additions to the 
southern sky. Its pattern of just 
two faint stars with a line between them is supposed 
to represent an 18th-century stonemason’s chisel, 
making this a companion to the equally unconvincing 
constellation Sculptor. 

Given its distance from the Milky Way, the small patch 
of sky that falls within the boundary of Caelum contains 
little of interest to amateur astronomers aside from its 
stars. There are no significant nebulae or clusters, and 
even the brightest of the constellation’s galaxies are only 
visible through large amateur telescopes. 


SOUTHERN 
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“all 51 
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Bt Arneb (a) 2.6 


D January © 


FULLY VISIBLE 62°N-90°S 


Alpha (a) Leporis (Arneb) 
At magnitude 2.6, this star 
seems to be of average 
brightness, but Arneb lies a 
distant 1,300 light-years away 
and is one of the most luminous 
Stars visible from Earth. 


Gamma (y) Leporis This 

is a double star, with a yellow 
primary of magnitude 3.9 

and an orange companion of 
magnitude 6.2. Both stars are 
at a similar distance from Earth, 
about 30 light-years away. 


R Leporis (Hind’s Crimson 
Star) This pulsating red giant 
variable is noted for its 

deep red color. It ranges in 
magnitude between 5.5 and 
12.0 over a 430-day cycle. 


NGC 2017 This open cluster 
consists of eight colorful stars 
in all, five of which lie between 
magnitudes 6 and 10. 


Lying just to the south of the 
celestial hunter Orion, Lepus 
represents a hare in flight, hotly 
pursued by the celestial hounds 
Canis Major and Canis Minor. It 

was known to the ancient Greeks 
and is relatively easy to spot among 
its sparkling neighbors because 

of its distinctive bow-tie shape. 
According to Greek mythology, it was placed among the 
stars in memory of a plague of hares that overwhelmed 
the island of Leros after a pregnant female hare 

was introduced. 

Although the stars of Lepus are not bright, several of 
them are interesting, including attractive variables and 
multiples. lota (t) and RX Leporis, in the constellation’s 
northwest corner, form an attractive pairing of a double 
star and a variable red giant. In addition, Lepus contains 
several other deep-sky objects. 


SOUTHERN 
HEMISPHERE 


298 THE CONSTELLATIONS | ERIDANUS 


Heavenly river 

Eridanus is fully visible in almost all of 
the Southern and half of the Northern 
Hemisphere. The river's source lies next 
to Rigel in Orion. 


FEATURES Eridani (Eri) 


Alpha (0) Eridani (Achernar) F R| DAN U S 
Erid S's one truly bright 


sta 1 blue-white giant of 


It Ent Representing a river, this large 
ight-years away from Eartt constellation meanders from the 


foot of Orion deep into southern 


skies, wnere it terminates at Its 
€) Eridar brightest star, Achernar (meaning 

Sera eet “river's end”). Its range in declination 

than oLir Own Starieille of 58° is the greatest of any 
constellation. Various mythologies SOUTHERN 

ap i en oe HEMISPHERE 
have identified Eridanus witt 
Omicron-2 (0) Eridani different rivers, from the Nile and Euphrates to the Po 


In Greek 


mythology, Eridanus features in the story of 
Phaethon, son of the sun god Helios, who attempted 


to drive his father’s chariot across the sky but lost control 
Ind plunged into the river below 
ite Er faint. It 
Tew } Star clusters 
tO amateur instruments. There are a few galaxies 
I ne planetary neDula, NGC 1535, that can De seen 
th bir nder favorable conaitior 


“tt 


NGC 1535 
LEPUS r Rs o 
ERIDANUS 


NGC 1300 > 


(x 
RS 
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NGC 1300 
This stunning 
light year 


barred spiral galaxy lies about 61 million 
/ay and Is slightly larger than the Milky Way. It has 


Jiral” structure embedded in its core. It is seen here 


through a telescope of 20in (500mm) diameter 
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(7h 


| >) Adhara 
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Phact () 2.6 


Dies 


January 


FULLY VISIBLE 46°N-90°S 


Alpha (a) Columbae (Phact) 
Derived from the Arabic word 
for a collared dove, Phact i: 


170 light-years from Earth 
and shines blue-white at 
magnitude 2.6 


Beta ([3) Columbae (Wazn) 
The second-brightest star in 


the constellation is a 


giant, 130 light-years away 
that shines at magnitude 
3.1. Its Arabic name, Wazn 
means weight 


NGC 1851 This modest 


giODular Cluster Is ( 


6h 5h fae] 
1 COLUMBA . 

A Phact | 
CAELUM) 


| 
| 


NGC 1851 


THE DOVE 


NGC 1792 

This spiral galaxy with 
a bright disk appears 
elongated due to its 
tilt in relation to Earth 
Moderate-sized 
telescopes will reveal 
fine details within it 


§ Columbae (Col) 


COLUMBA 


The Dutch theologian and 5 =~ 
astronomer Petrus Plancius y < N 
formed this southern constellation, aMetatey | 
representing a dove, around 1592 [ 5 ca 
from stars near Lepus and Canis \ enfhansetianes ) 
Major that had not previously XS wl 
deen allocated to any constellation —— 
Plancius was a biblical scholar, and SOUTHERN 

€ originally named the constellation scent oat 
Columba Noachi, in reference to the bird that Noah sent 
rom the Ark in search of dry land after the great biblical 


deluge. However, others have linked it to a dove from 
classical myth, which Jason sent ahead of his ship, the 
Argo, to find a safe passage into the Black Sea. Plancius 
lay Nave partly had this in his mind when he placed his 
dove close to the constellation of Puppis, a part of Argo 
dut they are too 


Columba contains many faint galaxies, 
dim for most amateur telescopes. It also contains Mu (11) 
Columbae, a fast-moving, 5th-magnitude star 
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D) February-March 


FULLY VISIBLE 52°N-90°S 


Alpha () Pyxidis The 
brightest star, a blue-white 
supergiant, lies in the middle 
of a row of three linked stars. It 
iS 18,000 times more luminous 
than the Sun, yet it shines at 

a magnitude of only 3.7 

than 1,000 
light-years away from Earth 


because it is more 


Beta ((3) Pyxidis In contrast 
to Alpha (), Beta (B) is a 

| yellow giant of magnitude 
4.0, 320 light-years away. 


T Pyxidis This variable star 
lies beyond the range of 
most small telescopes, but 
occasionally it brightens to 
come well within binocular 
range and just below 
naked-eye visibility. The system 
table recurrent 
star system 


in which explosions sometimes 


is an unpredic 
nova—a double 
occur on the surface of a hot, 
dense, white dwarf star 


| 
| 
| 


PYX 


three star 


for moc 


long-ex 


IS 


This faint and unremarkable 
southern constellation consists of 


sina row, to the east of 


the brighter stars of Puppis. It was 
introduced in the 18th century by 


the Frenc 


1 astronomer Nicolas Louis 


de Lacaille as part of his project to 


catalog th 
represent 


e southern skies. Pyxis 
S a Magnetic compass, as 


THE COMPASS 


NGC 2613 
An edge-on, barred spiral 
galaxy, NGC 2613 is a challenge 


ferate instruments 


However, it is a good target for 


posure astrophotography 


and large telescopes. 


oe 


SOUTHERN 
HEMISPHERE 


opposed to Circinus, which depicts the draftsman‘s 
compasses. Appropriately, its stars were originally part of 


Argo Nav 


and Vela 


oO 


Herschel suggested it should be renan 
f Argo, but his idea was not widely ac 
Despite its position on the edge of t 
contains no bright deep-sky objects w 
nstruments. Its main points of interes 


s, the great celestial ship tha 


The 19th-century British astr 


t Lacaille broke up 


nto the more manageable constellations Carina, Puppis, 


onomer John 

ied Malus, the mast 
Jopted 

he Milky Way, Pyxis 
thin reach of small 


lie in its stars. 


Zeta (C) Puppis (Naos) The 
splitting of Argo has left this 
blue giant as the brightest star 
in Puppis. Shining at magnitude 
2.2, it is also one of the hottest 
stars known, with a surface 
temperature six times that 

of the Sun. It lies 14,000 
light-years from Earth. 


L Puppis This line-of-sight 
double star consists of a 
blue-white star, L', 150 
light-years from Earth, and a red 
giant, L?, 40 light-years beyond 
it. L' is a steady magnitude 4.9, 
but L? is a pulsating variable, 
ranging in brightness between 
magnitude 2.6 and 6.2 over a 
140-day cycle 


M47 This naked-eye object is a 
rich sight in binoculars. Slightly 
brighter than the neighboring 
M446, it is 1,600 light-years 
away and the most impressive 
open star cluster in Puppis 


RS 


a WG 
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4 Naos (C) 2.2 
D January-February 


FULLY VISIBLE 39°N-90°S 


Straddling the Milky Way, this 
rich southern constellation was 
originally part of the former Greek 
constellation Argo Navis, the 
celestial ship. Puppis, representing 
the ship’s stern, was the largest 
part. During the 18th century, the 
French astronomer Nicolas Louis de 
Lacaille divided the star pattern into 
three parts, creating the separate contellations of Puppis, 
Carina, and Vela. The stars of each section, however, 
retained their original Greek letters, so that in the case 

of Puppis the lettering now starts with Zeta (C) Puppis, 

a star also known as Naos. 

A rich part of the Milky Way passes through the 
constellation, making Puppis an ideal target for binocular 
viewing. It contains dense star fields and more than 
70 open clusters, some of which can also be viewed 
with the naked eye. 


SOUTHERN 
HEMISPHERE 


Gamma (y) Velorum (Regor) 
Vela's brightest star is a 
multiple that contains the 
brightest known Wolf-Rayet 
star—a type of massive, 
superhot star that is blowing 
away its own outer layers 

with fierce stellar winds and 
exposing its ultra-hot interior. 
The system shines at an overall 
magnitude of 1.8. 


NGC 3201 This very loose 
globular cluster, roughly 15,000 
light-years from Earth, can be 
detected with binoculars and 
small telescopes. Moderate 
instruments can identify its 
outlying members. 


IC 2391 A beautiful open star 
cluster, also known as the 
Southern Pleiades, IC 2391 is 
visible to the naked eye. Lying 
just 400 light-years away, its 
stars are a spectacular sight 
in binoculars. 


tt Regor (y) 1.8 
D  February-April 


VELA 


A large southern constellation, 
Vela represents the sail of the great 
celestial ship Argo Navis and once 
formed a single huge constellation 
with Puppis and Carina. Lying to 
the north of Carina, Vela outlines a 
dense region of the Milky Way that 
includes more than 40 star clusters SOUTHERN 
and large regions of nebulosity. BEMISIHERE 

The labeling of Vela’s stars starts with Gamma (y) 
Velorum because the stars labeled Alpha (a) and Beta 
(8) in the former Argo Navis now lie in Carina. Between 
the stars Gamma (y) and Lambda (A) Velorum lie the 
gaseous strands of the Vela supernova remnant—the 
product of a stellar explosion visible from Earth around 
11,000 years ago. The stars Delta (5) and Kappa (k) 
Velorum combine with two stars in Carina to form a 
pattern called the False Cross, which is sometimes 
mistaken for the true Southern Cross (p.305). 


| FEATURES 


Alpha (c) Carinae 
(Canopus) As the 
second-brightest star in the 
sky, Canopus shines at a 
brilliant magnitude of -0.7 
Unlike Sirius, which outshines it 
purely because of its proximity 
to Earth, Canopus is a luminous 
star—a yellow-white supergiant 
310 light-years away. 


NGC 3372 (the Carina 
Nebula) This expansive 
emission nebula is a star- 
forming region 8,000 light-years 
away. Four times the apparent 
size of the full Moon, it is 
visible to the naked eye as a 
bright patch in the Milky Way. 
The densest part of the nebula 
surrounds Eta (n) Carinae 


IC 2602 (the Southern 
Pleiades) This large open star 
cluster, containing eight stars 
brighter than magnitude 6.0, 
lies about 500 light-years away. 


UNF 
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4 Canopus (0) -0.7 
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"Carinae (Car) 


CARINA 


This major southern constellation 
lies in a rich part of the Milky Way. 
It was part of the larger constellation 
Argo Navis, depicting the ship of 
the Argonauts, until it was split up 
in the 18th century by the French 
astronomer Nicolas Louis de 
Lacaille. As the most southerly part 
of the original constellation, Carina 
represented the ship’s keel. Alpha (a) Carinae (Canopus), 
the second-brightest star in the night sky, marks its 
rudder or steering oar. This constellation is circumpolar, 
or visible above the horizon at all times, from much of 
the Southern Hemisphere. 

Carina contains many clusters and star fields 
that provide interesting targets for binoculars. It is 
also enhanced by an enormous star-forming region, 
the Carina Nebula, that is larger and brighter than the 
better-known Great Orion Nebula (pp.276-77). 
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The Coalsack 
This dark nebula can be seen next 
to Crux with the naked eye. It is a 
vast dust cloud that blocks the light 
from the stars behind it 


Alpha () Crucis (Acrux) 
Marking the southern end 
of the cross, Acrux is a 
blue-white double star of 
magnitude 0.8. It is divisible 
in a telescope into two stars 
of roughly equal magnitude 


Beta ((3) Crucis (Becrux) 
This rapidly varying blue-white 
star changes its brightness 
between magnitudes 1.25 
and 1.15 every 6 hours. It 

lies 350 light-years away. 


NGC 4755 (the Jewel Box) 
This glorious star cluster is one 
of the gems of the southern 
sky. It appears to the naked 
eye as a single fuzzy star of 
magnitude 4.0. In fact, it is a 
cluster of stars 7,600 light-years 
away. Binoculars reveal that 

it contains several dozen 
blue-white stars and has a 
contrasting red supergiant 
near the center. 
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The Jewel Box 

This sparkling group of stars can 
be found just north of the Coalsack 
Although visible to the naked eye 
as a brighter patch near Beta (B) 
Crucis, binoculars can reveal its 
several blue-white stars. 


| Crucis (Cru) 


CRUX 


The smallest constellation in } ; 
the night sky, Crux is nevertheless b = AN 
one of the most famous and easily f : ay \ 
recognized star patterns of all. NS 
It was originally regarded by \ i aka / 
the ancient Greeks as a part . 
of Centaurus, but it came to — 
be recognized as a separate SOUTHERN 
constellation, Crux Australis or the Spa Eh 
Southern Cross, in the late 16th century. In more recent 
times, its name has been abbreviated to simply Crux. 
The Milky Way is bright in this part of the sky, making 
the dark Coalsack nebula, a wedge-shaped cloud of dust 
and gas, easily visible by contrast. Other highlights of this 
tiny constellation include the brilliant stars themselves 
and a beautiful star cluster, NGC 4755 or the Jewel Box. 
Crux also offers a useful pointer to the south celestial 
pole—extending the line between Alpha () and 
Gamma (y) reveals its location (p.35). 
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NGC 4833 

This compact globular cluster is 
visible as a hazy ball of light in 
binoculars. Individual stars can 
be resolved with a telescope of 
4in (100mm) aperture 


FEATURES q Muscae (Mus) . | 


Alpha (0) Muscae A 
blue-white giant of magnitude 
2.7, Alpha (0) lies 305 
light-years away. 


Beta ({3) Muscae To the 
naked eye, Beta (B) san 
almost identical twin of 
Alpha (@). However, a small 


telescope will show that it is 
actually a double, containing 
blue stars of magnitudes 3.( 


ind 3.7 that orbit each other 
In 383 years. The system lies 


some 310 light-years away. 


Theta (8) Muscae 1h 


star consist f a blue 


double 
supergiant of magnitude 5.7 
orbited by a star of magnitude 


le faint companion, 


white star not that it! 
blasting its own outer layer 
A nto cr nd ac 
Way t ALE dilO d_ 
t 
t 


tan accelerated rate 


MUSCA 


Lying to the south of Crux and OE: 
Centaurus, the stars of Musca are y tiie 
relatively bright but can be hard to | uate 
identify against the background of | ee 
the Milky Way. The constellation is ee st be re 
best found by following the long axis . 4 
of Crux toward the south celestial — 
pole. Musca is the most distinctive SOUTHERN 
HEMISPHERE 


of several constellations invented by 
Dutch navigators Pieter Dirkszoon Keyser and Frederick 
de Houtman in the late 16th century. It was originally called 
Apis, the Bee, but was renamed Musca Australis, the 
Southern Fly, in the 1750s, partly to avoid confusion with 
nearby Apus, the Bird of Paradise. At the time, there was 
also a northern fly, Musca Borealis, but when this fell into 
disuse, the southern constellation became simply Musca 

It contains several interesting multiple stars, as well as 


a bright globular star cluster and the southern tip of the 
dark Coalsack Nebula, which extends into it from Crux. 
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Alpha (@) Circini A white star 
of magnitude 3.2, Alpha (a) 

has a faint companion of 
magnitude 8.6 that can be seen 
through a small telescope. The 
system is 65 light-years away. 


Gamma (y) Circini This 
double can be separated only 
with a medium-sized telescope. 
It consists of blue and yellow 
stars of magnitudes 5.1 and 
5.5, orbiting each other 500 
light-years from Earth 


Theta (9) Circini The 
components of this double 
star are too close to separate 
visually, but one of its stars 
Still fluctuates unpredictably, 
causing its overall brightness 
to vary between magnitudes 
5.0 and 5.4 


NGC 5315 This faint and 
distant planetary nebula is 
around 7,000 light-years away. 
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Unusually, this planetary nebula is 
a powerful radio source. Estimates 
of its distance vary between 4,000 
and 13,000 light-years. Larger 
amateur telescopes show it as 

a blue-colored disk 


Hs Circini (Cin) 


CIRCINUS 


A small and insignificant LE 
southern constellation, Circinus 4 > REN 
was introduced in 1756 by the / hese) \ 
French astronomer Nicolas Louis Py ag. 
de Lacaille. It is a faint triangle of \On a setae) 
stars, supposedly resembling a q ey 
set of surveyor's or navigator’s anal 
compasses, as opposed to Pyxis, SOUTHERN 
HEMISPHERE 

the magnetic compass. The 
constellation is squeezed in awkwardly between 
Centaurus and Triangulum Australe, but is easy to 
locate since it lies close to Alpha (a) Centauri, one 
of the brightest stars in the sky. 

Circinus lacks bright clusters, nebulae, or galaxies 
but is crossed by the star clouds of the Milky Way. 
These clouds hide the view of one of our closest galactic 
neighbors, the Circinus Galaxy, discovered in the 1970s. 
This is a small spiral galaxy with an active, Supermassive 
black hole, just 13 million light-years away 


| Gamma (y) Normae This 
line-of-sight double ¢ 


distances from Earth. G 


a giant of magnitude 


while Gamma-1 (y') is a far 
more distant supergiant, 


still shining at magnitude 5.0 
lota (1) Normae This multiple 


eparated with a smal 


yom 
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lt 
rah, 


NGC 6087 


4 Normae (Nor) 


NORMA 


Sandwiched between the 


conste 


llations Scorpius and Lupus, 


this faint triangle of stars was hived 


off into 


French 


a separate constellation by 


astronomer Nicolas Louis de 


Lacaille in the 1750s. Like many of his 
southern constellations, it is namec 


Origina 


neanin 


Stars, Ir 


after a scientific instrument—the 
surveyor's level or set square 


> 


ly, the constellation was Cé 


used to form the ruler, were absor 


Scorpil 


were fine 


The 


lally formalized 


+r 


le constellation Is rich in: 


ig with binoculars. However 


CENTAURUS / 


CIRCINUS 


THE SET SQUARE 


NGC 6067 

This scattered open cluster of 
around 100 stars, about 4,600 
light-years from Earth, covers 
half the apparent diameter 

of the full Moon. It is easily 
observed with binoculars 
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lled Norma et Re 
g the square and ruler. However, several of 
\cluding its brightest members, which Lacaille 


oed by neighboring 
s when the boundaries between the constellations 


Ailky Way runs straight through Norma, and as 


, the faint stars 


g its pattern get lost among the Dackground Stars 


\ Rigit oy 
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TRIANGULUM /__/ 
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| THE SOUTHERN 


TRIANGLE 
Yt Alpha (c) 1.9 


D Juneuly 
Se Three-sided pattern 
Triangulum Australe can 


| be recognized in the night 
| sky due to its triangular 


shape. It lies in a rich 
region of the Milky Way 
and is therefore more 


| FULLY VISIBLE 19°N-90°S distinct than Triangulum, 
oS eee J its northern counterpart 


FEATURES 


Alpha () Trianguli Australis if R IA N G U LU M 

An orange giant of magnitude 

1.9, this star marks the Se 

triangle’s southeast corner. AU Si RA hs FE ha ~~ 
4 » 


& Trianguli Australis (TrA) 


It lies 100 light-years away y : \ 
Nadel This distinctive pattern in the f shee \ 
Beta () Trianguli Australis southern sky to the southeast of \VaNees | 
This white star is about 42 Centaurus is easy to spot. There \ eS ] 
light-years away from Earth : beet ae x f 
Bid Sines && maznitude 2.9 are several Claims to its invention Se ao 

it was first recorded in Uranometna, an 
Gamma (y) Trlanguill a Star atlas compiled by the German SOUTHERN 
Australis Although it has the ‘ HEMISPHERE 
same magnitude (2.9) as Beta astronomer Johann Bayer in 1603. 
(B), Gamma (y) lies over 70 However, it may have been invented by the Dutch 


light years away, So itis distinctly navigators Pieter Dirkszoon Keyser and Frederick de 
more luminous. Due to its 


higher luminosity its surface is Houtman in the 1590s. Alternatively, it could also have 
hotter and blue-white been discovered by the Dutch astronomer Petrus 

NGC 6025 Though visible to Theodorus Embdanus. 

the naked eye at magnitude The Southern Triangle is smaller than its northern 

9.4, this open Cluster in the | counterpart, Triangulum, but contains brighter stars and 
Milky Way is best observed d by the band of the Milk 
through binoculars. It lies is more prominent. It is crossed by the band of the Milky 
2,700 light-years away. Way but contains little of interest to amateur astronomers 


Pete ___} aside from a small but attractive open star cluster. 
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NGC 6188 

This large nebula shines through 
reflection and emission as hydrogen, 
oxygen, and sulfur atoms are excited 
by fierce ultraviolet radiation from 
the young stars of NGC 6193 


FEATURES R Arae (Ara) 


Alpha () Arae A blue-white A RA 

star of magnitude 3.0, Ara‘: 

rica ok alan Although it lies in the far south Lia». 

of the night sky, Ara was identified y pers 

Gamma (y) Arae One oftne | _ by the ancient Greeks and was | RO a 
region of the galaxy, Gamma | fisted in Ptolemy’s original A tm) 
(y) shines with the brilliance catalog of 48 constellations \* 3 re 
poleward ot: Vigan The Greeks visualized it as the i 

it only reaches magnitude 3.3. | Celestial altar on which the gods —— 

| Of Mount Olympus swore an oath of Fpl 


NGC 6193 An open star ‘ aig FT - ; Sethe : 
allegiance at the beginning of their 


cluster that is easily spotted 
| with the naked eye, NGC 619 ten-year war with the Titans of Mount 


| 'SMmore than half the apparent | — Othrys for control of the Universe 


| width of the full Moon. It is 

| A000 light years away from The constellation’s pattern is obscure. Nevertheless, 
Earth and still embedded ir it is easy to locate as it lies to the south of Scorpius and 
CIES eh Sere is crossed by a rich band of the Milky Way's star fields 


| 


tar clusters within reach 


As a result, it contains several s 
as faint nebulae such 


NGC 6397 A relatively nearby 


| 
| globular cluster, at a distance of amateur instruments, as wel 
f just 4 *ht-years, NG é ms : : k 
GARY SAE WANK a Gall as NGC 6188. The faint Mu (U1) Arae is a Sun-like star 50 
irs light-years away from Earth that is orbited by a system 


of at least four planets 
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THE SOUTHERN 
CROWN 


R Coronae Australis 

Seen here through a 7 ft (2.2m) 

telescope, the faint variable star 

R Coronae Australis is Surrounded 

by a faint blue reflection nebula, 

with a larger, dark nebula lying 

nearby. R Coronae Australis lies 
between Gamma (y) and Epsilon (€ 


i FEATURES J 4 Coronae Australis (CrA) 


a erae | CORONA AUSTRALIS 
This star of magnitude 4.1 is 
white in color, and lies 140 
light-years from Earth The small southern constellation y ~~ 
of Corona Australis lies under the N 
Beta ({3) Coronae Australis feet of the constellation Sagittarius. \ 
A yellow giant shining at 3 a 
magnitude 4.1, Beta (B) is as It was one of the 48 constellations 
bright as Alpha (a). However, recognized by the ancient 
it is considerably farther away, a : 
at a distance of 510 light-years, Greek Egyptian astronomer Ptolemy 
and is around 730 times more and was originally depicted as a 
luminous than the Sun wreath. It epresents a myrtle SOUTHERN 
eeiecad jaiheen HEMISPHERE 
Gamma (y) Coronae coronet placed in the sky by ~ 
Australis Both the stars in Dionysus, the Greek god of wine and revelry, after he had 
this binary system are bright rescued his mother from the underworld. Ancient Chinese 
enough to be seen with the 
naked eye. Alhough shining astronomers saw a turtle in the same stars. 
at magnitudes 4.8 and 5.1, The outline of the southern crown is formed by an 
ee espe is std arc of stars, none of which is brighter than magnitude 4. 
needed to separate them 
Although its pattern is not as neatly spaced as its northern 
ie fee, Pe Fe equivalent, it is still easy to recognize below the central 
below naked-eye visibility, : r 
ler viister les Teapot star pattern in Sagittarius. Corona Australis borders 
22,000 light-years away. on rich Milky Way star clouds and is filled with tenuous 
ee 8 nebulosity that shows up in long-exposure photographs. 


__ eee ee ee eeCCORONA 
ie eat ; AUSTRALIS ~}— ~ 7 
' SAGITTARIUS p | 
\MICROSCOPIUM SCORPIUS / 

\ | 

. 7 

\-50° ~ ] 

\ ARA | 

INDUS | 
1¢ 
: 
-60° 21h 


A) 


q Z 

V2 q PROFILE 
Hi ull 57 
} THe oe % 
|} TELESCOPE 


2t Alpha (a) 3.5 
| D July-August 


NGC 6584 

This globular cluster has 
an overall magnitude of 8.5 
and appears to be about 
one-quarter the size of the 


| 
full Moon. A dense central =S | 
knot is surrounded by FULLY VISIBLE 33°N-90°S | 
loose chains of stars —— 


ey Telescopii (Tel) 


| Alpha () Telescopii This TELESCO P| U M 
| blue-white star is around 450 


| light-years away from Eartt 


One of the faintest and least - —~ 


d shines at magnitude 3.5 A 

: ai recognizable constellations, SO) 

pti Pan one) Rel Telescopium seems to have been et \ 

oa hae made simply by drawing a line 

line-of-sight double, consisting around an arbitrary area of sky to >gNaith } 
| eg baby eer a the south of Corona Australis. It is an u Y FE 

light-year y. They are of 18th-century invention of the French —_— 

rough ghtness, at astronomer Nicolas Louis de Lacaille, SOUTHERN 

es who intended its pattern of stars to HEMISPHERE 


NGC 6584 This globular 


cluster, 43,700 light-year 


represent one of the great aerial telescopes used at the 
Paris observatory. These were long refractors (lens-based 
nd telescopes), often more than 33 ft (10m) in length, that 
4 compact spher were suspended from tall poles by ropes and pulleys 

Pes in) In order to create his new constellation, Lacaille 
‘porrowed” stars from nearby constellations, including 
ment Sagittarius, Scorpius, Ophiuchus, and Corona Australis 
When the constellations were standardized in 1929, these 
borrowed stars were returned to their rightful owners, and 


Telescopium was left In its current denuded state 


Alpha () Indi An orange 
giant, this star lies 125 light- 
years from Earth and shines 
at magnitude 3.1. 


Beta (3) Indi A slightly less 
luminous orange giant, this 
Star is closer than Alpha (), 
at just 110 light-years, but still 
dimmer, at magnitude 3.7. 


Epsilon (€) Indi This yellow 
star of magnitude 4.7 is a close 
Stellar neighbor of the Sun, 
just 11.8 light-years away. It 

is orbited by a brown dwarf 
star with 45 times the mass 

of Jupiter. 


NGC 7205 This faint spiral 
galaxy, of magnitude 11.4, can 
just be spotted with a telescope 
of moderate aperture. 
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The southern constellation 
of Indus is generally thought to 
represent a North American Indian 
equipped with a spear and arrows. 
It was introduced in the 16th century 
by Dutch navigators Pieter Dirkszoon 
Keyser and Frederick de Houtman, 
who had been involved in the 
exploration of the East Indies and 
may have intended Indus to represent a North American 
Indian or Southeast Asian islander. The Dutchmen made 
the first record of the far-southern stars at the request 
of Dutch astronomer Petrus Plancius, who had already 
added several new constellations to the northern sky. 
Situated to the southeast of Sagittarius, Indus has 
no significant star clusters or nebulae but contains some 
faint galaxies within reach of amateur telescopes. It is 
best found by looking between Sagittarius and the more 
distinctive southern constellations of Grus and Tucana. 
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FEATURES 


Alpha () Gruis (Alnair) This 
blue-white star, whose name 
means “the bright one” in 
Arabic, is 65 light-years away 
and shines at magnitude 1.7 


Beta ((3) Gruis A red giant, 
170 light-years from Earth, 
Beta (f) is a variable. It 
oscillates unpredictably 
between magnitudes 2.0 and 
2.3 as it swells and shrinks 


Delta (6) Gruis Naked-eye 
observers can usually tell that 
this star is a double, but this 
is, in fact, just a line-of-sight 
effect. The two components 
are yellow and red giants of 
magnitudes 4.0 and 4.1, 150 
and 420 light-years away. 


NGC 7582 This barred 
spiral galaxy is one of 
three galaxies within Grus 
that are visible with a 
moderate-sized telescope 


_ GRUS 


THE CRANE 


Gruls (Gru) 


This far-southern constellation 
is situated between Piscis Austrinus 
and Tucana. It is one of several 
bird-shaped star patterns added 
to the sky by the Dutch explorers 
Pieter Dirkszoon Keyser and 
Frederick de Houtman in the 1590s. 
Grus was later immortalized by the SOUTHERN 
German astronomer Johann Bayer in erates” 
his great Uranometria star atlas of 1603, and represents 
a long-necked wading bird. Usually it is shown as a crane, 
but in the past it has also been depicted as a flamingo. 
Lying far from the plane of the Milky Way, this 
constellation lacks open clusters and nebulosity. It is 
nevertheless quite distinctive thanks to the row of 
moderately bright stars that run along the crane’s body, 
forming a chain leading from the Small Magellanic Cloud 
(SMC) in Tucana (p.316) toward the bright star Fomalhaut 
in Piscis Austrinus. 
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Alpha () Phoenicis (Ankaa) 
Located 88 light-years away, 
this yellow giant shines at 
magnitude 2.4 


Beta (3) Phoenicis To the 
naked eye, Beta (B) appears to 
be a yellow star of magnitude 
3.3, but a medium-sized 
telescope will show that it is 
actually a double, consisting of 
twin yellow stars of magnitude 
4.0, 130 light-years away. 


Zeta (C) Phoenicis This 
interesting quadruple star 

lies 280 light-years away. Its 
brightest component mostly 
shines at magnitude 3.9, but is 
in fact an eclipsing binary that 
dips in brightness to magnitude 
4.4 every 40 hours. A small 
telescope reveals a third star 
of magnitude 6.9, while a larger 
instrument will show the fourth 
member of the system, fainter 
and closer to the primary. 


THE PHOENIX 


The mythical bird 
The stars of Phoenix 
sink toward the 
western horizon in the 
morning sky, with 

the constellation Grus 
below it. The direction 
north is to the right in 
this photograph. 


| Phoenicis (Phe) 


PHOENIX 


This pattern of stars can be found 
at the southern end of Eridanus, 


a 
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next to its brightest star, Achernar. if. 
Phoenix represents a fantastic | 


i 


Da. } 
bird recorded in mythologies from \ oF A sean ) 
Classical Europe to ancient China. SG 
This mythical bird was said to live for — 

500 years, cremating itself on a nest SOUTHERN 

HEMISPHERE 


of cinammon bark and incense at 
the end of its life, only to be reborn from its ashes. 
Phoenix is the largest of a dozen southern 
constellations introduced during the late 16th century 
by the Dutch navigator—astronomers Pieter Dirkszoon 
Keyser and Frederick de Houtman. However, Arabian 
astronomers had recognized roughly the same grouping 
of stars long before and considered Phoenix to represent 
a boat moored on the Eridanus river. This constellation 
is faint and insignificant, containing little of interest for 
amateur astronomers aside from some double stars. 
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FEATURES iy 


NGC 104 (47 Tucanae) A 
compact and spectacular 
globular cluster, NGC 104 
contains Several million stars 
in a ball about 120 light-years 
across. It lies 13,500 light-years 
away but is easily visible as a 
fuzzy star with the naked eye 
Small telescopes can pick up 
individual stars around the 
cluster’s edge. 


Small Magellanic Cloud 
(SMC) The smaller of the 
Milky Way’s two major satellite 
galaxies, the Small Magellanic 
Cloud lies 210,000 light-years 
from Earth. It is easily visible 
to the naked eye, looking like 
a detached, wedge-shaped 
region of the Milky Way itself 
Binoculars will reveal rich 
fields of stars, dust, and 
star-forming nebulae 


DD) September-November 


TUCANA 


This far-southern constellation 
is found at the end of the celestial 
river, Eridanus, to the west of the 
bright star Achernar. It represents 
the toucan, a large-billed tropical 
bird native to South and Central 
America. Like most of the southern 
bird constellations, Tucana was 
invented in the late 16th century by 
the Dutch navigator—astronomers 
Pieter Dirkszoon Keyser and Frederick de Houtman. 

Although the stars of Tucana are faint and its pattern 
indistinct, it contains two outstanding objects of interest 
to any amateur astronomer: the Small Magellanic Cloud 
(SMC) and NGC 104 or 47 Tucanae. Originally catalogued 
as a Star, NGC 104 is in fact the second-brightest globular 
Cluster. The SMC is a large satellite galaxy of the Milky 
Way and was first recorded by the Portuguese explorer 
Ferdinand.Magellan around 1520. 


SOUTHERN 
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THE LITTLE 


WATER SNAKE 


Alpha (a) Hydri At magnitude 
2.9, this white star lies 78 
light-years away. It is Hydrus’s 
second-brightest member. 


Beta (3) Hydri The 
constellation’s brightest 
component is a yellow, Sunlike 
star in the snake's “tail.” It is 
just 21 light-years away and 
shines at magnitude 2.8. 


Pi (7t) Hydri This wide double 
of unrelated red giants can be 
split readily with binoculars. 
Pi-1 (10) is 740 light-years 
away, while Pi-2 (7?) lies closer, 
at a distance of 470 light-years. 


VW Hydri Lying near Gamma 
(y) Hydri, VW is a recurrent nova 
system—a binary with a white 
dwarf that has semiregular 
explosions on its surface. Its 
eruptions occur roughly once 

a month and are easy to follow 
with a small telescope. 
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Snake in space 

The little water snake 
slithers across the 
southern sky between 
the two Magellanic 
Clouds. The brightest star 
near it is Achernar in the 
constellation Eridanus | 
(top, right). 
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HYDRUS 


Not to be confused with the 
similarly named but much larger 
Hydra, this constellation is a 
compact group of stars nestling 
in the far south of the sky. It 
represents a small water snake, 
and its stars are of middling 
magnitude and indistinct pattern. 
However, it is fairly easy to locate 
because Alpha (a) Hydri—the snake’s head—lies close 
to the brilliant Achernar in the constellation Eridanus, 
the celestial river. Hydrus’s body, meanwhile, sits neatly 
between the Large and Small Magellanic Clouds (SMC) in 
Dorado (p.321) and Tucana (p.316). 

This constellation was introduced in the 16th century 
by the Dutch navigatormastronomers Pieter Dirkszoon 
Keyser and Frederick de Houtman. It contains no notable 
deep-sky objects for amateurs, but it does have a couple 
of interesting double stars, such as Pi (zt) Hydri. 


SOUTHERN 
HEMISPHERE 


318 THE CONSTELLATIONS | HOROLOGIUM Re aye 1 


THE PENDULUM 
CLOCK 


| PROFILE 


ull 58 
e% 
& 
4 Alpha (q) 3.9 
1) November—December 


| 


FULLY VISIBLE 23°N-90°S 
ba 


FEATURES \ | Horologii (Hor) 
Alpha (a) Horologii The G) G 
constellation’s brightest star } H O R LO | U M 
isa yellow giant of magnitude | 


3.9, 180 light-years from Earth. : A faint and unremarkable 
| constellation of the southern 


esi nae i had sky, Horologium lies close to 


distant globular clusters 


orbiting the Milky Way, NGC the southern extreme of the 

1261 lies 44,000 light-years celestial river, Eridanus. It was 

away. The combined light of ‘ 

this huge ball of stars reaches introduced by the French 

Earth at magnitude 8.0, making astronomer Nicolas Louis de 

it a good target for binoculars. Lacaille in the 1750s. Like many Rates 
NGC 1512 This barred spiral of his inventions, it Is an apparently 

galaxy is about 30 million arbitrary group of faint, scattered stars named after a 
light-years away from Earth technological innovation. Lacaille intended it to represent 
and nearly 70,000 light-years ; ; : 

across, two-thirds the size of a pendulum clock used for precise timekeeping in the 
our galaxy. Its bright center has observatories of the time. The clock can be drawn with 
scapegoat the pendulum itself at Alpha (c:) or swinging back and 
seen with a small telescope 

Detailed observations have forth between Lambda (d) and Beta (B). 

shown hae rhe center is Located at some distance from the Milky Way 
surrounded by a huge ring : : 

OF Wierik sex Gcters ana and occupying only a narrow strip Of Sky, Horologium 
2,400 light-years across nevertheless contains a few interesting deep-sky 


objects, including globular clusters and a spiral galaxy. 


NGC 1313 

This starburst galaxy, 20 million 
light-years away, is undergoing 
a tremendous wave of star 
formation. Huge star-forming 
nebulae stud its spiral arms and 
disguise its shape. 
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8 Reticuli (Ret) 
Alpha () Reticuli The R FT| @ U LU M 
constellation’s brightest star 
at magnitude 3.4, Alpha () . P ae a 
is a yellow giant located 135 | This dim but distinct diamond y ow 
light-years away from Earth | shape of stars lies a little way to y Sass \ 
Ser ieicm noone | the south of Carina’s brightest [ ee \ 
giant, some 78 light-years _ | Star Canopus and northwest of \ (yaks cs | 
away, Beta (B) shines at | _ the Large Magellanic Cloud (LMC) \beoflbeaasevaren/ 
ees | in Dorado. Reticulum’s stars were yw 
Zeta (C) Reticuli This double | first grouped together as a separate —— 
ae easly resolves wrovgn | __ constellation called Rhombus eatenlaitad 
inoculars, Consists O | : 
near-twin yellow stars— (the diamond) in 1621. But the 
Zeta-1 (G ") and Zeta-2 (C%) | constellation received its present name from the 
eee tivtecs | French astronomer Nicolas Louis de Lacaille while 
eSpec ; | “4 es . 
light-years from Earth and he was in South Africa in the 1750s. 
are believed to be around The literal meaning of reticu/um in Latin is “net,” but 
chats Sa iieat Eee the constellation is supposed to represent a reticule—the 
gridlike set of crosshairs in the eyepiece of a telescope 


that Lacaille and others used for precise measurement 

of stellar positions. Lying at some distance from the Milky 
Way, Reticulum’s chief attractions for amateur astronomers 
are a famous double star and some faint galaxies. 
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Beta ({3) Pictoris When 
viewed by infrared telescopes, 
this apparently unremarkable 
white star of magnitude 3.9, 
situated 63 light-years away, 
reveals a broad disk of 


planet-forming gas and dust in 


orbit around it. Recent studies 
have shown that something 
close to the star (most likely 

a newborn planet) is warping 
the disk out of Shape 


Delta (5) Pictoris About 
2,400 light-years away, Delta 
(8) is an eclipsing binary star 
The two Stars are too close to 
separate with even the most 
powerful telescope. They give 
themselves away by period 
dips in their brightness, from 
magnitude 4,7 to 4.9, as one 
passes in front of the other 


ry 40 hours. 


CAELUM | 


THE PAINTER’S 
EASEL 


me Ba i 


PROFILE 


IMC RETICULUM; —_/ 


Beta Pictoris 

This near-infrared 

image reveals the disk 

of planet-forming material 
that makes this young star 
shine unusually brightly 

at infrared wavelengths. 
The disk extends from the 
central star for more than | 
a thousand times the 


distance between Earth | FULLY VISIBLE 26°N-90°S 
and the Sun ae e 


| + Alpha (0) 3.2 
D) December-February 


rs 


4 Pictoris (Pic) 


PICTOR 


Introduced in the 18th century 
by the French astronomer Nicolas 
Louis de Lacaille, Pictor lies to 
the south of Columba between the 
bright star Canopus in Carina and 
the Large Magellanic Cloud (LMC) 
(p.321) in Dorado. Lacaille imagined 
the stars of the constellation to 
represent an artist’s easel, complete 
with a palette, and originally called it Equuleus Pictoris. 
Typically for one of Lacaille’s inventions, Pictor is a 
group of faint stars with no obvious resemblance to 
the object it is supposed to represent. However, It Is 
redeemed by the presence of some very interesting 
stars, including Beta (B) Pictoris, which may be host 
to a newly formed planetary system. In the north of the 
constellation, Kapteyn’s Star is a red dwarf of magnitude 
8.9 some 13 light-years away from Earth and one of the 
fastest-moving stars in the sky 
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Magellanic highlights 
The most striking features 
of the Large Magellanic 
Cloud are the marked 
concentration of stars 
along its central bar and 
the bright pink star-forming 
THE regions around the 
GOLDFISH Tarantula Nebula 


FEATURES Z B Doradus (Dor) 
Large Magellanic Cloud 
(LMC) The LMC is named D O RA D © 


after the Portuguese explorer 


Ferdinand Magellan, who The stars of Dorado form a y- / oT we 

recorded it in the early faint chain close to the brilliant A N 

1520s. It has been known, ; i ry \ 

however, across the Southern star Canopus in Carina. The ; ay y = S ‘ae 
| Hemisphere since ancient constellation WaS introduced In | 4 3 é d 

times. Tenth-century Arab the 16th century by the Dutchmen on gt 

astronomers named it A/ : XN J 

Bakr or the “white ox." It is an Pieter Dirkszoon Keyser and aS gf 

irregular satellite galaxy of the Frederick de Houtman, and its Pea 

Milky Way, some 180,000 name means goldfish. However, SOUTHERN 

light-years away. A small : HEMISPHERE 

telescope gives the best views Dorado in fact represents the 

of its star fields and nebulae dolphinfish found in tropical waters. 

NEG 2070 (the tarantula It is also Sometimes represented as a swordfish. 

Nebula) This nebula in the LMC_ | While its stars are faint, Dorado is home to the 

is visible as a fuzzy startothe | spectacular Large Magellanic Cloud (LMC), a satellite 

naked eye and also bears the 

Fons 5) Dorada AE BOD galaxy of the Milky Way. The LMC is visible to the naked 

light-years across, it is one of eye and is an excellent object for observation with any 

= ee og Se eal ee instrument. It contains NGC 2070, the Tarantula Nebula, 

nown. R136, a cluster of hot ‘ : 
blue-white supergiants, which can also be seen without the aid of instruments. 
illuminates it from within NGC 2070 is the only extra-galactic nebula that can be 


zs seen with the unaided eye. 
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THE FLYING FISH 


NGC 2442 

This beautiful spiral is nicknamed 
the Meathook Galaxy on account 
of its S-shaped, somewhat 
asymmetric, appearance. Pink 
star-forming regions and dark dust 


lanes help accentuate its shape 


Jrcarures a Volantis (Vol) 
uae 
| Gamma cavountisme == | VIOLANS 


has the wrong Greek letter 


issigned to it. It is a double 


Although a faint and indistinct PT 


which can be split through constellation, Volans can be easily » 
1 small telescope to reveal a found because it lies between the | S70 \ 
olden star of magnitude 3.8 i ‘ , yt 
ind a yellow-white companior bright stars of Carina, the south Bho eee | 
f magnitude Both are 200 celestial pole, and the Large aghiere 
way fron arth . - y 
ees te Magellanic Cloud (LMC) in Dorado 4 
Epsilon (€) Volantis 1 (p.321). The 16th-century Dutch ee; 
nother interesting double star explorers Pieter Dirkszoon Keyser! SOUTHERN 
MA Crear pee! HEMISPHERE 
a and Frederick de Houtman named 
{way many of their constellations after birds, but Volans is an 
eee exception because it takes its inspiration from the bizarre 
4 inion, of 
flying fish of the Indian Ocean—a tropical fish that uses 
ill telescope its outstretched fins as wings. Volans first appeared on a 
NGC 244271 a celestial globe yublished by astronomer Petrus Plancius 
piral galax ght and map-maker Jodocus Hondius around 1598 


The constellation has no bright stars, clusters, or 
nebulae, and even its brightest galaxies are visible only 
through large telescopes. Its most attractive features are 


probably its double stars 


THE TABLE 
MOUNTAIN 


Alpha (a) Mensae The 
constellation’s brightest star 
reaches a magnitude of only 
5.1. It is an average yellow, 
Sun-like star, relatively close 
to Earth at a distance of 30 
light-years. 


Beta (3) Mensae The 
second-brightest star in 
Mensa shines at magnitude 
5.3. Although yellow like the 
nearby Alpha (04), it lies much 
farther away. Astronomers 
have measured its distance 
at 300 light-years and believe 
it to be a supergiant around 
100 times more luminous 
than Alpha (a). 
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2b Alpha (@) 5.1 
D) December-February 


Table top 

The far-southern 
constellation Mensa 
appears in this 
photograph above 


pink-tinged clouds FULLY VISIBLE 5°N-90°S 
in the dawn sky. E Seite 


B Mensae (Men) ate! ne ae 


MENSA 


While observing the southern 
skies from Cape Town, South Africa, 
in the 1750s, French astronomer 
Nicolas Louis de Lacaille named 
this constellation in honor of the 
distinctive Table Mountain that 
overlooks the city (mensa is Latin 
for table). It is the only one of 
Lacaille’s constellations that is not 
named after a scientific or artistic tool. 
Mensa has no Stars brighter than magnitude 5.0, but 
it is easy to locate because it lies between the south 
celestial pole and the Large Magellanic Cloud (LMC) in 
Dorado. The faintest of all the 88 constellations, Mensa 
contains little of interest for the amateur astronomer 
except for a small area of the LMC that crosses into its 
boundary from Dorado. The Large Magellanic Cloud may 
have reminded Lacaille of the clouds that frequently hang 
over the top of the real Table Mountain. 
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THE CHAMAELEON 
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| RE Alpha (@), Gamma (y) 4.1 
D) February-May 


Diamond shape 
Chamaeleon lies close to the south celestial pole, which 


is to the left in this picture. The rich Milky Way star fields FULLY VISIBLE 7°N-90°S 
of Carina are located to its north : en 


i FEATURES nA Chamaeleontis (Cha) : = 


| 
| Alpha () Chamaeleontis @ aa rN M A F li EO N 
} This blue-white star shines 


| at magnitude 4.1 and lies ata 
| distance of 65 light-years away 


Named after the lizard that 


from Earth changes its skin color to match its 

P : | surroundings, Chamaeleon is a faint 

| Delta (0) Chamaeleontis ; 

| Binoculars will easily separate | and insignificant constellation. Lying | Soa 
the components of this | between the brighter stars of Crux, \aiee 
line-of-sight double star | a \ 


AS Carina, Musca, and the south 
Delta-1 (0'), the closer of the 
two stars, is an orange giantof | Celestial pole in Octans, this 


magnitude 5.5, 360 light-years constellation first appeared in SOUTHERN 
away from Earth. Delta-2 (6 2) HEMISPHERE 


Johann Bayer’s Uranometria star 


is brighter but more distant 


located 780 light-years away | atlas of 1603. It is probably another invention of the 
} SAG SBRING SL naar ACKIC' 4.8 Dutch explorers Pieter Dirkszoon Keyser and Frederick de 
| NGC 3195 This ringlik Houtman from the 1590s. Its skewed diamond pattern of 
planetary nebula shines at Stars bears little resemblance to the lizard, but it remains 
magnitude 10. Of similar 


sparen sepia tie rare above the horizon at all times for every inhabited part of 
apparen ze 1 plane 
jupiter, it is relatively faint the Southern Hemisphere 


} and requires a medium-sized Chamaeleon contains only a handful of interesting 
objects for amateur astronomers. Eta (nh) Chamaeleontis 
lies at the center of a recently discovered open cluster of 


hot, young stars around 8 million years old 


“APUS\ © | 
\ 


‘NGC 6101 } 


THE BIRD OF 
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ee & 
NGC 6101 $& 
With an overall | at Alpha (1) 3.8 
magnitude of 9.3, 
this globular cluster D May-July 


is around 50,000 
light-years from Earth 
Lying south of the 
double star Delta (8), its 
loose structure is best 
seen through moderate 
telescopes. This image 
was taken by the Hubble 
Space Telescope L 


FULLY VISIBLE 7°N—90°S 


| FEATURES ; | * Apodis (Aps) 


| Alpha (a) Apodis 
At magnitude 3.8, this orange 
| giant is Apus’s brightest star. 


It is located about 230 light 
years away from Earth 


Delta (5) Apodis This wide 
double is the most interesting 
feature in Apus, consisting of 
orange giants with magnitudes 
4.7 and 5.3. Both stars orbit 
each other some 310 light- 
years from Earth, and they 
can easily be separated with 
binoculars—or sometimes 

by a sharp pair of eyes. 


Theta (9) Apodis 

This is a variable star with 
fluctuations in brightness that 
can easily be followed through 
binoculars. It ranges between 
magnitudes 6.4 and 8.0 in 

a cycle that lasts 100 days. 


APUS 


belief at the time that these 
beautiful tropical birds lacked feet. The constellation was 
at first frequently confused with the similarly named 
Apis, the Bee, until the latter was renamed as Musca. 
Lying to the south of Triangulum Australe, Apus is not 
easy to identify. It is close to the south celestial pole and 
is permanently visible across nearly all of the Southern 
Hemisphere. Comparatively barren since it lies at Some 


— distance from the Milky Way, its highlights include 


an attractive double star and the globular clusters 
NGC 6101 and the much fainter IC 4499 


Dutch navigator—astronomers LEER 
Pieter Dirkszoon Keyser and y 3 SN 
Frederick de Houtman named this cr aa 
constellation after the dazzling | agate 
birds of paradise they saw during \ jh geet] 
their explorations of NewGuineain ‘& y 
the 1590s. The name Apus means re 
“no feet”—a reference to the folk SOUTHERN 
HEMISPHERE 
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FEATURES 


Alpha (0) Pavonis (Peacock) 
This is a blue-white giant star in 
the northeast corner of Pavo. 
With a magnitude of 1.9, it is 
brilliant enough to be seen 

with the naked eye although it 
is 360 light-years away. 


Kappa (k) Pavonis One of 
the brightest Cepheid variables 
(pp.232-33), this yellow 
supergiant is 550 light-years 
away. It expands and contracts 
in a 9.1-day cycle, varying in 
brightness between 
magnitudes 3.9 and 4.8 


NGC 6744 This large spiral 
galaxy, with its face open to 
Earth, is located 30 million 
light-years away. 


NGC 6752 A globular cluster 
14,000 light-years away, this is 
one of the largest and brightest 
objects of its kind. It is visible to 
the naked eye at magnitude 5 


THE CONSTELLATIONS | PAVO 


ull 44 
#@ hh 
& 


Peacock (a) 1.9 
D) July-September 


THE PEACOCK 


Pavonis (Pav) 


PAVO 


One of the twelve far-southern 
constellations introduced at the end 
of the 16th century by the Dutch 
navigator-astronomers Pieter 
Dirkszoon Keyser and Frederick 
de Houtman, Pavo represents 
the exotic peacock of Southeast 
Asia, which the two explorers 
encountered on their travels. 
In more recent times, its brightest star, the 2nd-magnitude 
Alpha (a) Pavonis, has been named Peacock. In Greek 
mythology, the peacock was the sacred bird of Hera, 
wife of Zeus, who traveled through the air in a chariot 
drawn by these birds. It was Hera who placed the 
famous eyelike markings on the tail of the peacock. 

This constellation is best found by looking on the 
edge of the Milky Way, south of Sagittarius. It lies in a 
fairly featureless area but does contain an impressively 
bright globular cluster. 


SOUTHERN 
HEMISPHERE 
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Beta (3) Octantis A white 
star, Beta (B) lies 110 
light-years away. It shines at 
magnitude 4.1, only outshone 
by Nu (v) at magnitude 3.8. 


Gamma (y) Octantis This 
chain of three stars, whose 
members lie at different 
distances from Earth, is usually 
separable with the naked eye. 
Gamma-1 (y) and Gamma-3 
(y3) are yellow giants, 270 and 
240 light-years away, and shine 
at magnitudes 5.1 and 5.3. 
Between them lies Gamma-2 
(y2), an orange giant of 
magnitude 5.7 at a distance 

of 310 light-years. 


Sigma (0) Octantis Sitting 
300 light-years away, this 
southern “pole star” is dim 
and yellow-white. Its only 
noteworthy feature is its 
location about one degree 
off the south celestial pole. 
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D October 


THE OCTANT 


FULLY VISIBLE 0°N-90°S 


_ Octantis (Oct) 


OCTANS 


Originally known as Octans 
Nautica or Octans Hadleianus, 
this constellation was introduced 
in the 18th century by the French 
astronomer Nicolas Louis de 
Lacaille. It represents the octant, 
a navigational device invented by 
the English instrument maker John 
Hadley in around 1730. Other than 
its location at the south celestial pole, this faint 
constellation is of little interest to amateur astronomers. 

Within naked-eye range, Sigma (6) Octantis is the 
nearest star to the south celestial pole. Lying 300 
light-years away, with a magnitude of 5.4, it is far from 
prominent. Due to the slow effect of precession, the 
south celestial pole is moving farther away from Sigma 
toward the constellation Chamaeleon. In around 1,500 
years, the pole will be just over a degree away from Delta 
(6) Chamaeleontis, a star of magnitude 4. 
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The following tables provide detailed information about the 
celestial bodies of the Solar System—such as their sizes, orbits, 
and physical properties. They also serve as a guide to the stars, 
nebulae, and galaxies that are most easily seen from Earth. 

A complete Messier catalog is also provided on pp.336-37. 


Messier catalog 
Throughout history there 
have been many reasons 
for cataloging celestial 
objects. French astronomer 
Charles Messier’s catalog, 
published in 1781, was a list 
of 103 objects that could 
be mistaken for comets 
when viewed through a 
small telescope. 
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Average distance 
from the Sun 


36 million miles 
(57.9 million km) 
ESS ) ae 

Venus 67.2 million miles 
(108.2 million km) 
a a 
Earth 93 million miles 
(149.6 million km) 


Mercury 88 days 


224.7 days 


365.2 days 


+ 

Mars | 141.6 million miles 687 days 
(227.9 million km) 

a kan A 


24.6 hours 


L 
| Jupiter | 483.8 million miles 11.9 years 9.9 hours 

| (778.6 million km) 

Saturn 890.8 million miles 29.5 years 10.7 hours 
(1,434 million km) 

es —s na 
| Uranus | 1,785 million miles 84 years 17.2 hours 97.8° 
| (2,873 million km) 


16.1 hours | 28.3° 


Neptune 2,793 million miles 164.8 years 
; (4,496 million km) 
= — ; — 
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| PHYSICAL PROPERTIES ] 
Planet Equatorial Mass in _Volumein Average Gravityin |= Number 
| diameter relation _ relation _ surface or _ relation of moons _ 
| to Earth ' to Earth | cloud-top _ to Earth | 
/temperature 
F ———--~ ——— _ ~ _ ——_—__—_4— —_—— — —— Sel tae — ——— _ _— — 
Mercury 3,032 miles | 0.1 | 0.1 | 333°F | 0.4 0 
(4,879km) | | (167°C) 
| | (surface) | 
_— eieeeelpgeeneges = — ——— ——EE EE ats 
Venus | 7,521 miles 10.8 0.9 | 867°F | 0.9 / 0 
| (12,104km) | (464°C) 
| | (Surface) | 
| a oy ‘ ge / ge ee 7s a | Se nr | ms se D | * Fe 
| Earth | 7,926 miles 11 11 59°F 1 11 | 
| | (12,756km) (15°C) 
(surface) 
f — = 4 — ESE — — = = 
Mars | 4,221 miles 0.1 | 0.2 -81°F 0.4 2 
| | (6,792km) (-63°C) 
(surface) 
—————— 
| Jupiter | 88,846 miles | 318 1,321 -162°F PLS | 64 | 
(142,984km) (-108°C) 
| (cloud-top) | 
| Saturn 74,898 miles | 95.0 763.7 -218°F 1 62 
(120,536 km) | (-139°C) 
| (cloud-top) 
Uranus 31,763 miles 14.5 63.1 -319°F 0.9 | 27 
(51,118km) (-195°C) | 
Neptune 30,775 miles | 17.1 57.7 -364°F 1.1 13 
| | (49,528 km) (-220°C) 
| 
| NOTABLE ASTEROIDS 
| Millions of asteroids lie in a belt between the orbits of 
' Mars and Jupiter. Apart from Vesta, none can be seen 
_ with the naked eye, although some are visible through 
| binoculars. The largest asteroid, Ceres, is also classified 
| as a dwarf planet. 
Asteroid Average distance Orbital Orbital Rotation Length 
H from the Sun speed period period 
Eros 135 million miles 54,492mph 1.8 years 5.3 hours | 21.1 miles 
} (218 million km) | (87,696 kph) (34 km) 
Gaspra 206 million miles 44,470mph 3.3 years 7.0 hours 11.2 miles 
| (331 million km) (71,568 kph) (18km) 
Annefrank 206 million miles Unknown 3.3 years Unknown 3.7 miles | 
| (331 million km) (6km) | 
| Vesta 219 million miles 43,262mph 3.6 years 5.3 hours 348 miles 
| (353 million km) (69,624 kph) (560km) 
| Toutatis 234 million miles 37,334 mph 4.0 years 5.4 and 2.8 miles 
(376 million km) (60,084 kph) 7.3 days (4.5km) 
(two axes) 
Mathilde 246 million miles 40,220mph 4.3 years 418 hours 41 miles 
(396 million km) (64,728 kph) (66km) 
| 
| Ceres 257 million miles 40,000 mph 4.6 years 9.1 hours Diameter: 
(414 million km) (64,375 kph) 596.5 miles 
(960km) 
| Ida 266 million miles Unknown 4.8 years 4.6 hours 36 miles 


(428 million km) 


(58km) 


Quadrantids | Jan3-4 Jan 1-6 100 Yellow and blue meteors traveling 
at medium speed. 


Alpha Feb 8 Jan 28-Feb 21 A southern shower with some 
Centaurids very bright, swift meteors. | 


panier bok d 21-22 be wich 16-28 pegaces 12 Fairly fast meteors from Comet — 
pejacea ter 


Eta embeat 6 Apr fie 24 A good southern shower with 
Aquarids very fast, bright meteors from 
Comet Halley. 
Arietids Jun7 May 22-Jun 30 A daytime shower, with some — 
visible just before dawn. — 
June Jun 28 Jun 27-30 Variable A slow-speed variable shower with 
Bootids occasional strong outbursts. From 
Comet Pons-Winnecke. 


Capricornids = Jul 5-20 Jun 10-Jul 30 Slow, yellow and blue bright 
meteors. Several peak dates 
and radiants. 

Delta Jul 29 Jul 14-Aug 18 A southern shower with 

Aquarids Aug 13-14 Jul 16-Sep 10 a double peak. 


Jul 16-Aug 8 Southern-Hemisphere owen e 
of quite slow meteors. . ™ 


Alpha Aug 1 Jul 15-Aug 25 Produces slow fireballs visible for 
Capricornids many seconds. 
Perseids Aug 12 Jul 23-Aug 22 Many bright meteors with trails, 
from Comet Swift-Tuttle. d 
Alpha Sep 1 Aug 25-Sep 7 Occasional bursts of over 100 per 
Aurigids hour have been seen. 
Giacobinids Oct 6-10 Variable Slow meteors from Comet 
or Draconids Giacobini-Zinner. 
Oct 5-30 Fast, with many trails. From 
Halley's Comet. 
Sep 17-Nov 27 Bright and slow meteors with bets 
Oct 12-Dec 2 peaks from Comet Encke. 
Nov 14-21 Variable Very fast meteors with trails, from 
Comet Temple-Tuttle. 
Dec 14 Dec 6-18 Medium speed, bright meteors, FT 
from asteroid Phaethon (3,200). a4 
Dec 17-25 10 Slow meteors from Comet 
Tuttle. 


1 


Sa 


= 


= aay = = 
5 = Ja 


1 


=x 


Canopus 
Rigil Kentaurus 


a 


3 


8 


9 


Ce 
nm fora |atmrwvenms | 
a 
ee 


332 


DIRECTORY 


| Rank 


STAR CLUSTERS TO OBSERVE 


There are of two types of star cluster: globular clusters, which are 
tight groups of hundreds or thousands of very old stars, and open 


CLOSEST STARS TO EARTH 


Star 


Alpha (a) Centauri system: 


Proxima Centauri 
Alpha (q) Centauri 


Barnard’s Star 


Wolf 359 


Lalande 21185 
Sirius 

Luyten 726-8 
Ross 154 

Ross 248 

Epsilon (€) Eridani 


Lacaille 9352 


_ Ross 128 


EZ Aquarii 
Procyon 


Bessel’s Star 


| Struve 2398 


Groombridge 34 
Epsilon (€) Indi 
DX Cancri 

Tau (T) Ceti 


GJ 1061 


6.0 


Distance from 


Earth (light-years) 


4.2 
43 


78 


8.3 


8.6 


87 


97 


12.1 


clusters, which are looser groups of only a few hundred young 
stars. Open clusters can be particularly stunning. 


Cluster name 

47 Tucanae Globular 
M44 (Beehive Cluster) Open 
M6 (Butterfly Cluster) | Open 
Hyades Open 
Jewel Box Open 
M4 Globular 


Cluster type 


Constellation 


Tucana 
Cancer 
Scorpius 
Taurus 
Crux 


Scorpius 


Constellation 


Centaurus 


Ophiuchus 


Leo 

Ursa Major 
Canis Major 
Cetus 
Sagittarius 
Andromeda 
Eridanus 

Piscis Austrinus 
Virgo 


Aquarius 


Canis Minor 


Cygnus 
Draco 
Andromeda 
Indus 
Cancer 
Cetus 


Horologium 


Apparent 
magnitude 


4.0 
3.7 
42 
4.2 
40 


7.4 


The brightest stars are not necessarily those closest to Earth. Canopus, for example, 
_ is the second-brightest star, but is 310 light-years away. This table lists the 20 stars 
closest to Earth, showing their distances and various apparent magnitudes. 


Distance from 
Earth (light-years) 


13,500 
577 
2,000 
160 
7,600 


7,000 


a 


a a 
ns 
[a a Ce 


Rasalgethi Eclipsing Hercules 
binary 

‘Delta (5) Pulsating Cephus 

Cephei variable 


Eta (n) 1,173 


Aquilae 


Pulsating 
variable 


Aquila 


Eclipsing 
-Geminorum binary 


Gamma (y) Irregular Cassiopeia 
Cassiopeiae | variable 
Lambda (A) | Eclipsing Taurus 
| binary 
Pulsating Cetus 
variable 
f Pulsating Cepheus 
variable 
Cepheid Virgo 
variable 
RCoronae | Irregular Corona 
Borelais variable Borealis 
RR Lyrae Pulsating Lyra 8.1 0.6 days 
variable 
Eclipsing 2.1 2.87 days 
} binary 
Zeta (&) Pulsating Gemini 42 10.2 days 
Geminorum | variable ; 


5,258 


(=) 
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_ MULTIPLE STARS TO 0 OBSERVE 
| Amultiple star is a group of stars that, from Earth, appear 
close to each other. This closeness can be a physical 


_Saseness:| oran optical (or apparent) closeness. 


"Name Constellation 
| Castor | Gemini 
| sigma (0) oma hie ean, 
| acyena eee | Taurus 
Algol Perseus 
Almach eg Andromeda 
Epsilon (€) Lyrae | Lyra 
| Mizar & Alcor | Ursa Major 
Theta (9) Orionis | Orion 
Albireo Cygnus 
Beta ([3) Monocerotis Monoceros 
Omicron (0) Eridani Eridanus 
Rigel ! Orion 
| 15 Monocerotis Monoceros 
Epsilon (€) Aurigae Auriga 
Epsilon (€) Boétis Bootes 
M40 Ursa Major 
Polaris Ursa Minor 
Zeta (€) Bodtis Bootes 
NEBULAE TO OBSERVE 


| Nuirnber 
of stars 


Nebulae are mainly of two types: emission nebulae (including 


planetary nebulae), which are clouds of ionized gas that emit light; 
and dark nebulae, which emit no light and obscure the light of the 
stars behind them. Another type of nebula is a supernova remnant. 


Name 


Cat's Eye Nebula 
Cone Nebula 

| Crescent Nebula 
Dumbbell Nebula 
Eagle Nebula 
Eight-Burst Nebula 
Eskimo Nebula 


Carina Nebula 


Nebula type 


Planetary 
Dark 

Planetary 
Planetary 
Emission 
Planetary 
Planetary 


Emission 


Constellation 


Draco 
Monoceros 
Cygnus 
Vulpecula 
Serpens Cauda 
Vela 

Gemini 


Carina 


_ le 
Apparent Distance 
magnitude from Earth 
(light-years) 
1.6 | 50 
- —— = ———EE = | 
3.8 1,150 
= = — | 
29 368 
2.1-3.4 93 ) 
ie 
2:3 | 355 | 
47 160 | 
23 81 ) 
47 1,800 | 
3.1 385 
4 
5.0 700 
4.4 16 
0.1 770 
47 | 1,020 
3.1 2,040 
oad 
27 203 
8.4 385 
2.0 430 
3.8 180 
Apparent Distance 
magnitude from Earth 
(light-years) 
8.1 3,600 
3.9 2,500 
7.4 4,700 
7.6 1,000 
6.0 7,000 
J 
8.1 2,000 
8.6 3,800 
1.0 8,000 
ar 59 


poway oases 
; rower own 
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rion Nebula 
‘Ow Nebula 


N 
8 


ii 


8 


Ring Nebula 


Ara 


Dorado 


Supernova Cygnus 7.0 
remnant 


g 


oe ROO Ta ie oat 
Andromeda Galaxy $ Andromeda 4.5 2.5 million 
(M31) 
Black Eye Galaxy Coma Berenices 17 million 
(M64) 


rp vegsinecewt——fveniy own fos [mm 


Small Magellanic Cloud 
(NGC 292) 


Sombrero Galaxy 
(M104) 


Triangulum Galaxy Spiral 

(M33) 

Whirlpool Galaxy Spiral Canes Venatici 23 million 
(M51) 


' 


na 
men i. 
Supernova remnant 
(Crab Nebula) 
Globular cluster 
Globular cluster 
Globular cluster 
Globular cluster Serpens Caput 


Open cluster Scorpius 
(Butterfly Cluster) 

M7 Open cluster Scorpius 

(Ptolemy Cluster) 

Emission nebula Sagittarius 
(Lagoon Nebula) 
Globular cluster Ophiuchus 
Globular cluster Ophiuchus 


Open cluster Scutum 
(Wild Duck Cluster) 


Globular cluster Ophiuchus 


ah 


Taurus 


oro 


eaten 


(The Great Globular 
Cluster) 


Globular cluster 


Globular cluster Ophiuchus 
Globular cluster 


Serpens Cauda 
Sagittarius 
Lobster/Horseshoe 
Nebula) 


Open cluster/ 
emission nebula 
(The Eagle Nebula) 


M17 Emission nebula 


(Omega/Swan/ 


Globular cluster Ophiuchus 


Globular cluster Sagittarius 


Starfield (Sagittarius | Sagittarius 
Star Cloud) 


Emission/reflection/ 
dark nebula 


(Trifid Nebula) 


Open cluster 2s sees cae 


Planetary nebula Vulpecula 
(Dumbbell Nebula) 


Globular cluster ar aah: 
M30 Globular cluster : 


Spiral galaxy Andromeda 
(Andromeda Galaxy) 

Dwarf elliptical Andromeda 
galaxy 

Spiral galaxy Triangulum 
(Triangulum Galaxy) 


Capricornus 


Open cluster Perseus 
M36 Open cluster : 


Open cluster 


Open cluster 


Double star Ursa Major 
(Winnecke 4) é 


Emission/reflection | Orion = 
(Orion Nebula) ; 


Emission/reflection 
nebula (De Mairan’s 
Nebula) 


Open cluster 
(Beehive Cluster) 


Open cluster 


Orion 


Taurus 


(Pleiades/Seven 
Sisters) 


as emma 
mar owase |r 


Spiral galaxy Canes Venatici 
(Whirlpool Galaxy) 


Open cluster 
Globular cluster 


Coma 
Berenices 


(Ring Nebula) 


M63 Spiral galaxy Canes Venatici 
Ira (Sunflower Galaxy) 
Coma 
Berenices 
Spiral galaxy 


Leo 
Co 
wa [onus user [anus 
ws sen Ans 
fue |sstgioy [recs | 
(Little Dumbbell 
Nebula) 


Spiral galaxy Ursa Major 
(Bode’s Galaxy) 

Spiral galaxy Ursa Major 

(Cigar Galaxy) 

Barred spiral galaxy 


(Southern Pinwheel 
Lenticular galaxy 


M61 


Spiral galaxy 
(Black Eye Galaxy) 


M65 Spiral galaxy 


M76 


Planetary nebula 


Galaxy) 


Lenticular galaxy Coma Berenices 


Lenticular galaxy Virgo 


M87 Elliptical galaxy 


(Virgo A) 


Virgo 


M83 Coma 


Berenices 


Spiral galaxy 


Elliptical galaxy Virgo 


Spiral galaxy Virgo 


Coma 
Berenices 


Barred spiral galaxy 


Globular cluster Hercules 


Open cluster Puppis 


Planetary nebula Ursa Major 
(Ow! Nebula) 
Spiral galaxy Coma 
Berenices 
Spiral galaxy Coma 
Berenices 
Spiral galaxy Coma 
Berenices 
Spiral galaxy Ursa Major 
(Pinwheel Galaxy) 
Not 
unambiguously | 
identified 


Gal 
(Sombrero Galaxy) 

ws [ato iso 
wos [soso (comsvent_ | 


Dwarf elliptical Andromeda 
galaxy 


GLOSSARY 


Terms in italics have their own entries in this glossary. 


ACCRETION The.colliding and 
sticking together of small, solid 
objects and particles. 


ACCRETION DISK A disk of gas 
that revolves around a star or 
black hole. 


ACTIVE GALAXY A galaxy that 
emits an exceptional amount of 
radiant energy over a wide range 
of wavelengths. 


ALTITUDE The angle between 
the horizon and a celestial object. 
An object on the horizon has an 
altitude of 0°; one directly overhead 
is at 90°. See also azimuth. 


APHELION The point on its 
elliptical orbit at which a planet 
or other Solar System body is at 
its furthest from the Sun. See 
also perihelion. 


APOGEE The point on its orbit 
at which a body orbiting Earth 
is at its furthest from Earth. See 
also perigee. 


ASTERISM A conspicuous 
pattern of stars that is not itself 

a constellation. An example is the 
Big Dipper, or Plough, part of the 
constellation Ursa Major (the 
Great Bear). 


ASTEROID A small, irregular Solar 
System object made of rock and/or 
metal and with a diameter of less 
than 600 miles (1,000km). See also 
Main Belt, near-Earth asteroid. 


AURORA A glowing display of 
light In Earth's upper atmosphere 
(and the atmospheres of some 
other planets) caused by particles 
in the solar wind colliding with 
gas atoms in the atmosphere, 
stimulating them to emit light. 


AZIMUTH The angle between 
the north point on an observer's 
horizon and a celestial object, 
measured clockwise around the 
horizon. The azimuth of due north 
is 0°, due east is 90°, due south is 
180°, and due west is 270°. See 
also altitude. 


BARRED SPIRAL GALAXY 

A galaxy that has spiral arms 
emanating from the ends of an 
elongated, bar-shaped nucleus. 
See also spiral galaxy 


BIG BANG The event in which 
the Universe we see around us 
today had its origin. 


BINARY STAR A pair of stars, 
bound together by gravity, that 
orbits a single point (the common 
center of mass). 


BLACK HOLE A compact region 
of space, surrounding a collapsed 
mass, within which gravity is so 
powerful that no object or 
radiation can escape. 


BROWN DWARF STAR A body 
that forms out of a contracting 
cloud of gas in the same way as 
a Star, but which, because it 
contains too little mass, never 
becomes hot enough to initiate 
the nuclear fusion reactions 

that power a normal star. 


CATADIOPTRIC TELESCOPE 
A telescope that collects and 

focuses light using both lenses 
and mirrors. See also reflecting 
telescope, refracting telescope. 


CELESTIAL EQUATOR A great 
circle on the celestial sphere that 
is a projection of Earth’s own 
equator onto the celestial sphere. 


CELESTIAL MERIDIAN 

The imaginary line on the celestial 
sphere that passes through both 
celestial poles and the vernal 
equinoctial point. The celestial 
meridian is the line of 0° right 
ascension. 


CELESTIAL POLES The celestial 
equivalent of Earth's poles. The 
night sky appears to rotate on an 
axis through the celestial poles. 


CELESTIAL SPHERE 

An imaginary sphere, surrounding 
Earth, on which all celestial 
objects appear to lie. 


CEPHEID VARIABLE A type of 
variable star with a regular pattern 
of brightness changes linked to 
the star's luminosity. The more 
luminous the Cepheid, the longer 
its period of variation. 


COMET Asmall body composed 
mainly of dust-laden ice that 
orbits the Sun. 


CONJUNCTION A close 
alignment in the sky of two or 
more celestial bodies that occurs 
when they lie in the same direction 
as viewed from Earth. When a 
planet lies directly on the opposite 
side of.the Sun from Earth, it is 
said to be at superior conjunction. 
When either.Mercury or Venus 


passes between Earth and the 
Sun, the planet is said to be at 
inferior conjunction. See also 
opposition. 


CONSTELLATION 1) Anamed 
pattern of stars. 2) An area of the 
night sky with boundaries that are 
determined by the International 
Astronomical Union. See also 
asterism. 


CORONA The outermost region 
of the atmosphere of a Star. 


COSMIC RAYS Highly energetic 
subatomic particles, such as 
electrons, protons, and atomic 
nuclei, that hurtle through space 
at close to the speed of light. 


DARK NEBULA A dust-laden 
cloud that blocks out the light from 
background stars. 


DECLINATION (DEC) The angular 
distance of a celestial object north 
or south of the celestial equator, 
the equivalent of latitude on Earth. 
Declination is positive (+) if the 
object is north of the celestial 
equator and negative (-) if it is 
south. of the celestial equator. An 
object on the celestial equator has 
a declination of 0°; an object at 
one of the celestial poles has a 
declination of 90°. See also right 
ascension. 


DEEP-SKY OBJECT Any celestial 
object external to the Solar System 
but excluding stars. 


DIFFUSE NEBULA A |uminous 
cloud of gas and dust. The term 
“diffuse” refers to the cloud’s 
fuzzy appearance. 


DOUBLE STAR Two Stars that 
are close together in the sky. If 
they orbit each other, the system 
is called a binary star. An optical 
double star consists of two stars 
that appear close together only 
because they lie in the same 
direction when viewed from Earth. 


DWARF PLANET A body orbiting 
the Sun that is massive enough to 
be nearly spherical but which has 
not cleared its neighborhood of 
other objects and is not a moon. 


DWARF STAR A star with a mass 
similar to, or less than, the Sun's. 


ECLIPSE An alignment of a planet 
or moon with the Sun that casts a 
shadow on another body. 


ECLIPSING BINARY A binary 
star system in which each star 
alternately passes in front of the 
other, causing a periodic variation 
in the combined light of the two 
Stars as seen from Earth. 


ECLIPTIC 1) The plane on which 
Earth’s orbit around the Sun is 
situated. 2) The track along which 
the Sun travels around the celestial 
sphere, relative to the background 
Stars, in the course of a year. 


ELECTROMAGNETIC 
RADIATION Oscillating electric 
and magnetic disturbances that 
propagate energy in the form of 
waves (electromagnetic waves). 
Examples include visible light 
and radio waves. 


ELECTROMAGNETIC 
SPECTRUM The entire range of 
energy emitted by different objects 
in the Universe, from the shortest 
wavelengths (gamma rays) to the 
longest wavelengths (radio waves). 


ELLIPTICAL GALAXY A galaxy 
that is round or elliptical in shape. 


ELONGATION The angular 
separation between the Sun and a 
planet or other Solar System body, 
as viewed from Earth. Greatest 
elongation is the maximum 
possible elongation of a body that 
lies inside Earth’s orbit, such as 
Mercury or Venus. 


EMISSION NEBULA A cloud 
of gas and dust that contains one 
or more extremely hot, young, 
high-luminosity stars; ultraviolet 
radiation emitted by these stars 
causes the surrounding gas 

to glow. 


EQUINOCTIAL POINT Either of 
two points on the celestial sphere 
where the celestial equator and 
ecliptic intersect. The Northern 
Hemisphere’'s vernal equinoctial 
point—also known as the first 
point of Aries—is the origin for 
right ascension measurements. 


EQUINOX The occasion when 
the Sun is vertically overhead at a 
planet's equator and day and night 
have equal duration for the whole 
planet. See also solstice. 


FINDER An optical device that 
can be fitted to a telescope to 
help locate celestial objects in 
the telescope’s field of view. 


FUSION (NUCLEAR FUSION) 

A process whereby atomic nuclei 
join together to form heavier atomic 
nuclei, releasing large amounts of 
energy. Stars are powered by 
fusion reactions in their cores. 


GALAXY A large aggregation of 
stars and clouds of gas and dust, 
held together by gravity. Galaxies 
may be elliptical, spiral, or irregular 
in shape. See also Milky Way. 


GALAXY CLUSTER 

An aggregation of approximately 
50 to 1,000 galaxies held together 
by gravity. See also galaxy 
supercluster. 


“GALAXY SUPERCLUSTER 


A Cluster of galaxy clusters. A 
supercluster may contain up 
to about 10,000 galaxies. 


GALILEAN MOON Any of the 
four largest of Jupiter's moons 
that were discovered in 1610 by 
the Italian scientist Galileo Galilei 
(1564-1642). From largest to 
smallest, they are Ganymede, 
Callisto, lo, and Europa 


GAMMA RADIATION 
Electromagnetic radiation with 
extremely short wavelengths 
(shorter than X-rays). See also 
electromagnetic spectrum. 


GIANT PLANET A large planet 
composed mainly of hydrogen and 
helium. The giant planets in the 
Solar System are Jupiter, Saturn, 
Uranus, and Neptune. See also 
rocky planet. 


GIANT STAR A Star that is larger 
and much more luminous than a 
main-sequence star of the same 
surface temperature. See also 
supergiant star. 


GLOBULAR CLUSTER A near- 
spherical cluster of between 
10,000 and more than 1 million 
stars, held together by gravity. 


HALO A spherical region that 
surrounds a galaxy and contains 
globular clusters, thinly scattered 
stars, and some gas. A dark-matter 
halo is an accumulation of dark 
matter within which a galaxy is 
embedded. 


INDEX CATALOG (IC) 
See New General Catalog. 


INFERIOR CONJUNCTION 
See conjunction. 


INFERIOR PLANET A Solar 
System planet whose orbit is inside 
Earth’s. The two inferior planets are 
Mercury and Venus. See also 
superior planet. 


INFRARED RADIATION 
Electromagnetic radiation with 
wavelengths longer than visible 
light but shorter than microwaves 
or radio waves. See also 
electromagnetic spectrum: 


~ 


IRREGULAR GALAXY A galaxy 
that has no well-defined structure 
or symmetry. 


KUIPER BELT A region of the 
Solar System outside the orbit 
of the planet Neptune that 
contains icy planetesimals. 
See also Oort Cloud. 


LENTICULAR GALAXY A galaxy 
shaped like a convex lens. It has 
a central bulge that merges into 


a disk but no spiral arms. 


LIGHT-YEAR The distance that 
light travels through a vacuum in 
one year (365.25 days): 5,878.6 
billion miles (9,460.7 billion km). 


LIMB The outer edge of the 
observed disk of the Sun, a 
moon, or a planet. 


LOCAL GROUP A small cluster 
of over 40 galaxies that includes 
our own galaxy, the Milky Way. 
See also galaxy cluster. 


MAGNETOSPHERE The region 
of space around a planet within 
which the motion of charged 
particles is.affected by the 
planetary magnetic field. 


MAGNITUDE A measure of the 
brightness of a celestial object. 
Absolute magnitude is a measure 
of the intrinsic brightness of an 
object. Apparent magnitude is a 
measure of the brightness of an 
object as seen from Earth. The 
brighter the object, the smaller 
the numerical value of its apparent 
magnitude. Very bright objects 
have negative apparent magnitudes. 
A Star said to be of 1st magnitude 
has a magnitude of 1.49 or less, a 
star of 2nd magnitude has a value 
of 1.50 to 2.49, and so on. 


MAIN BELT A region of the Solar 
System lying between the orbits 
of Mars and Jupiter that contains 
a high concentration of asteroids. 


MAIN-SEQUENCE STAR A Star 
that is in the stage of its evolution 
when it is converting hydrogen to 
helium by nuclear fusion in its 
core. The Sun is currently a main- 
sequence star. 


MARE (PLURAL: MARIA) 
A dark, low-lying area of the Moon, 
filled with lava. 


MESSIER CATALOG 

A catalog of nebulous objects 
(mostly nebulae, star clusters, and 
galaxies) that was first published 
in 1781. Objects in this catalog 
are designated by the letter “M’ 
followed by a number. See also 
New General Catalog. 


METEOR The short-lived streak 
of light, also known as a shooting 
star, seen when a meteoroid 
enters Earth's atmosphere and 

is heated by friction. See also 
meteorite. 


METEORITE A meteoroid that 
reaches the ground and survives 
impact. See also meteor. 


METEOROID A |ump or small 
particle of rock, metal, or ice 
orbiting the Sun in interplanetary 
space. See also asteroid, comet, 
meteor, meteorite. 


MICROWAVE RADIATION 
Electromagnetic radiation with 
wavelengths longer than infrared 
and visible light but shorter 

than radio waves. See also 
electromagnetic spectrum. 


MILKY WAY 1) The spiral galaxy 
that contains the Sun. 2) A band 
of light across the night sky that 
consists of the combined light of 
vast numbers of stars and nebulae 
in our galaxy. 


MIRA VARIABLE A class of 
variable stars named after the 
star Mira. A Mira variable is a cool, 
giant, pulsating star that varies in 
brightness over a period ranging 
from 100 to more than 500 days. 


MOON A natural satellite orbiting 
a planet. The Moon is Earth's 
natural satellite. 


MULTIPLE STAR A system 
consisting of two or more stars 
bound together by gravity and 
orbiting around each other. See 
also binary Star. 


NEAR-EARTH ASTEROID (NEA) 
An asteroid whose orbit comes 
close to or intersects Earth’s orbit. 


NEBULA A cloud of gas and dust 
in interstellar space, visible either 
because it is illuminated by nearby 
or embedded stars, or because it 
is obscuring more distant stars. 


NEUTRON STAR An exceedingly 
dense, compact star that is 
composed almost entirely of 
neutrons (a type of subatomic 
particle with zero electric charge). 


NEW GENERAL CATALOG 
(NGC) A catalog of nebulae, 
clusters, and galaxies that was first 
published in 1888. Objects in this 
catalog are denoted by “NGC” 
followed by a number. The Index 
Catalog (IC) is a supplement to 
the New General Catalog that 
lists additional objects, denoted 
by “IC” followed by a number. See 
also Messier catalog. 


NOVA A star that suddenly 
brightens, then fades back to 
its Original brightness over a 
period of weeks or months. 
See also supernova. 


NUCLEAR FUSION See fusion. 


NUCLEUS 1) The compact central 
core of an atom. 2) The solid, 
ice-rich body of a comet. 3) The 
central core of a galaxy. 


OCCULTATION The passage 
of one body in front of another, 
causing the more distant one 
to be wholly or partially hidden. 


OORT CLOUD A vast spherical 
region in the outer reaches of the 
Solar System, thought to contain a 
huge number of icy planetesimals 
and comets. 


OPEN CLUSTER A |oose group of 


stars that formed at the same time. 


Open clusters are found in the 
arms of spiral galaxies. 


OPPOSITION The time a superior 
planet lies on the exact opposite 
side of Earth from the Sun. The 
planet is closest to Earth at this 
time. See also conjunction. 


ORBIT The path a celestial body 
takes in space under the influence 
of the gravity of other, relatively 
nearby objects. 


PARALLAX The apparent shift in 
the position of an object when it is 
observed from different locations. 
Annual parallax is the maximum 
angular shift of a star from its 
average position due to parallax. 


PENUMBRA 1) The lighter, outer 
part of the shadow cast by an 
opaque body. 2) The less-dark and 


less-cool outer region of a sunspot. 


See also umbra. 


PERIGEE The point on its orbit 
at which a body orbiting Earth 
is at its closest to Earth. See 
also apogee. 


PERIHELION The point on its 
elliptical orbit at which a planet 
or other Solar System body is 
at its closest to the Sun. See 
also aphelion. 


PHASE The proportion of the 
visible hemisphere of the Moon 
or a planet that is illuminated by 
the Sun at any particular instant. 


PLANET A celestial body that 
orbits around a Star, is massive 
enough to have cleared away any 
debris from its orbital path, and is 
approximately spherical. See also 
dwarf planet. 


PLANETARY NEBULA A glowing 
shell of gas ejected by a star of 
similar mass to the Sun toward 
the end of its evolutionary 
development. 


PLANETESIMAL One of the large 
number of small bodies, composed 
of rock or ice, that formed within the 
solar nebula and from which the 
planets were eventually assembled 
by accretion. 


PLASMA A mixture of ions and 
electrons that behaves like a gas 
but which conducts electricity and 
is affected by magnetic fields. 


PRECESSION A slow change 
in the orientation of a body's 
rotational axis. 


PULSAR A rapidly rotating 
neutron star with a strong magnetic 
field. If the poles of the pulsar’s 
magnetic field are not aligned with 
the rotation axis of the star, jets of 
radiation sweep around space at 
high speed. 


QUASAR A compact but 
extremely powerful source of 
radiation that is almost star-like in 
appearance, but which is believed 
to be the most luminous kind of 
active galactic nucleus. 


RADIANT The point in the sky 
from which the meteors in a 
shower appear to originate. 


RADIO GALAXY A galaxy that 
is exceptionally luminous at 
radio wavelengths. 


RADIO TELESCOPE 

An instrument designed to 
detect radio waves from 
astronomical sources. 


RADIO WAVES Electromagnetic 
radiation with wavelengths longer 
than microwaves. See also 
electromagnetic spectrum. 


RED DWARF STAR A cool, red, 
low-luminosity star. 


RED GIANT STAR A large, highly 
luminous star with a low surface 
temperature and a reddish color. 


RED SHIFT The displacement 
of spectral lines to longer 
wavelengths that is observed 
when a light source is moving 
away from an observer. The shift 
in wavelength is proportional to 
the speed at which the source 
is receding. 


RED SUPERGIANT STAR 

An extremely large star of very 
high luminosity and low surface 
temperature. 


REFLECTING TELESCOPE 
(REFLECTOR) A telescope 
that uses a concave mirror 
to collect and focus light. See 
also catadioptric telescope, 
refracting telescope. 


REFLECTION NEBULA A nebula 
containing tiny dust particles 

that are lit up by light froma 
neighbouring bright star. 


REFRACTING TELESCOPE 
(REFRACTOR) A telescope that 
uses a lens to collect and focus 
light. See also catadioptric 
telescope, reflecting telescope. 


RETROGRADE MOTION 1) An 
apparent temporary reversal in the 
direction of motion of a planet, 
such as Mars, when it is being 
overtaken in its orbital motion 

by Earth. 2) Orbital motion in the 
opposite direction to that of Earth 
and all the other planets of the 
Solar System. 3) The motion of 

a Satellite along its orbit in the 
Opposite direction to the rotation 
of its parent planet. 


RIGHT ASCENSION (RA) 

The angular distance, measured 
eastward, between the celestial 
meridian and a celestial object; the 
equivalent of longitude on Earth. 
Together with declination, right 
ascension specifies the position of 
an object on the celestial sphere. 


ROCKY PLANET A planet 
composed mainly of rock, with 
similar basic characteristics to 
Earth. The rocky planets in the 
Solar System are Mercury, Venus, 
Earth, and Mars. See also 

giant planet. 


SATELLITE A body that orbits 
a planet; a natural satellite is also 
known as a moon. 


SEYFERT GALAXY A spiral 
galaxy with an unusually bright, 
compact nucleus that in many 
cases fluctuates in brightness. 
Seyfert galaxies are one of several 
categories of active galaxy. 


SOLAR CYCLE A cyclic variation 
in solar activity. The level of activity 
reaches a maximum at intervals 

of about 11 years. 


SOLAR NEBULA The cloud of 
gas and dust from which the Sun 
and planets formed. 


SOLAR SYSTEM The Sun 
together with the family of four 
rocky planets, four giant planets, 
and smaller bodies (dwarf planets, 
moons, asteroids, meteoroids, 
comets, dust, and gas) that orbit 
the Sun. 


SOLAR WIND A continuous 
stream of fast-moving charged 
particles that escapes from the 
Sun and flows out through the 
Solar System. 


SOLSTICE One of the two points 
on the ecliptic at which the Sun is 
at its maximum declination north 
or south of the celestial equator. 
See also equinox. 


- SPECTRAL CLASS A class into 


which a star is placed according 
to the lines that appear in its 
spectrum. See also spectral line. 


SPECTRAL LINE A bright or dark 
line that appears at a particular 
wavelength in an object's 
spectrum, due to emission or 
absorption of radiation by that 
object at a distinct wavelength. 


SPECTRUM The range of 
wavelengths of light emitted 
by a celestial object. See also 
electromagnetic spectrum. 


SPIRAL GALAXY A galaxy that 
consists of a central concentration 
of stars surrounded by a flattened 
disk of stars, gas, and dust, within 
which the major visible features 
are clumped together into spiral 
arms. The Milky Way is an example 
of a spiral galaxy. 


STAR A huge sphere of glowing 
plasma that generates energy by 
nuclear fusion reactions at its 
center. 


STARBURST GALAXY A galaxy 
within which star formation is 
taking place at an exceptionally 
rapid rate. 


STAR CLUSTER A gravitationally 
bound group of between a few 
tens and approximately 1 million 
stars, all of which are thought 

to have formed from the same 
original massive cloud of gas 

and dust. 


STELLAR WIND An outflow 
of charged particles from the 
atmosphere of a star. See also 
solar wind. 


SUNSPOT A region of the Sun's 
photosphere (visible outer layer) 
that appears dark because it is 
cooler than its surroundings. 
Sunspots result from localized 
disturbances in the Sun‘s 
magnetic field. 


SUPERGIANT STAR 

An exceptionally large, luminous 
star. Supergiant stars can be many 
hundreds of times larger than the 
Sun and thousands of times 
brighter. See also giant star. 


SUPERIOR CONJUNCTION 
See conjunction. 


SUPERIOR PLANET A Solar 
System planet whose orbit around 
the Sun is outside Earth’s. The 
superior planets are Mars, Jupiter, 
Saturn, Uranus, and Neptune. See 
also inferior planet. 


SUPERNOVA An exceptionally 
violent explosion of a star during 
which it expels the great bulk of 
its material and its brightness 
increases enormously. 


SUPERNOVA REMNANT 
The expanding cloud of debris 
created by a supernova explosion. 


SYNCHRONOUS ROTATION 
The rotation of a body around its 
axis in the same period of time 
that it takes to orbit another body. 


TERMINATOR The edge of the 
sunlit area of the surface of a 
moon or planet. 


TRANSIT The passage of a 
smaller body in front of a larger 
one; for example, the passage of 
Venus across the face of the Sun. 


ULTRAVIOLET RADIATION 
Electromagnetic radiation with 
wavelengths shorter than visible 
light but longer than X-rays. See 
also electromagnetic spectrum. 


UMBRA 1) The dark central 
part of the shadow cast by an 
opaque body. 2) The darker, 
cooler, central region of a 
sunspot. See also penumbra. 


VARIABLE STAR A Star that 
varies in brightness. A pulsating 
variable star contracts and expands 
in a periodic way, varying in 
brightness as it does so. An 
eruptive variable star brightens 
and fades abruptly. See also 
Cepheid variable, nova. 


WHITE DWARF STAR 

The dense, intensely hot, glowing 
star left when a star of similar 
mass to our Sun dies. See also 
planetary nebula. 


X-RAY Electromagnetic radiation 
with wavelengths shorter than 
ultraviolet radiation but longer 
than gamma rays. See also 
electromagnetic spectrum. 


ZODIAC The area of the celestial 
sphere around the ecliptic through 
which the Sun, the Moon, and the 
planets move. Over the course of 
each year, the Sun passes through 
13 constellations in this region; of 
these, 12 correspond to the signs 
of the zodiac. 
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Aristarchus plateau 81 
Arkab 289 
Armstrong, Neil 75 
Arneb 297 
ascension, 
celestial coordinates 17 
constellations 228 
right (RA) 17, 43, 46-47, 49 
asterism 18-19 
asteroid 11, 13, 25, 62-63, 
114-117 
table of notable asteroids 329 
astrological signs 21 
astronomical unit (AU) 26-27 
astrophotography 54-57 
Aten asteroids 115 
Atlas Coelestis 18 


atmosphere 63 

Jupiter 95 

Mars 91 

Mercury 87 

the Moon 73 

Neptune 105 

and photography 57 

Saturn 98, 99 

the Sun 67 

Titan 100 

Uranus 103 

Venus 89 
atmospheric conditions (Earth) 

32-33 
atmospheric phenomena (Earth) 
120-121 

August sky guide 196-201 
Auriga 236 
Aurora Borealis 118-119 
aurorae 67, 69, 118-119 
autumnal equinoctial point 16 
axis of Earth 16, 20 
azimuth 34, 50 

telescope mount 42-43 


B 


Bailey, Francis 255 

Baily's beads 85 

Barlow lens 45 

Barnard’s Star 127, 264 

barred spiral galaxy 139 

Bartsch, Jakob 279 

Bayer, Johann 24, 309, 314, 324 

Bear, Little see Ursa Minor 

Becrux 305 

Beehive Cluster (Praesepe, M44) 
135, 136, 254 

Beta (8) Aquilae 267 

Beta (B) Caeli 296 

Beta (8) Camelopardalis 235 

Beta (B) Cancri 254 

Beta (8) Canis Majoris 275 

Beta (8) Canis Minoris 278 

Beta (B) Capricorni 291 

Beta (§) Centauri 179, 287 

Beta (B) Cephei 232 

Beta (B) Columbae 300 

Beta (8) Coronae Australis 311 

Beta (8) Crucis 305 

Beta (B) Cygni 244 

Beta (B) Delphini 269 

Beta (8) Geminorum 251 

Beta (B) Gruis 314 

Beta (B) Hydri 317 

Beta (B) Indi 313 

Beta (8) Leonis Minoris 255 

Beta (3) Lupi 288 

Beta (B) Mensae 323 

Beta (3) Monocerotis 279 

Beta () Muscae 306 

Beta (B) Octantis 327 

Beta (B) Orionis 276 

Beta (8) Pegasi 271 

Beta (B) Persei 247 

Beta (8) Phoenicis 315 

Beta (B) Pictoris 320 


Beta () Piscis Austrini 293 
Beta (B) Pyxidis 301 

Beta (B) Reticuli 319 

Beta (B) Sagittae 266 

Beta (B) Sagittarii 289 

Beta (B) Sextantis 283 

Beta (B) Tauri 236 

Beta (8) Trianguli 246 

Beta () Trianguli Australis 309 
Beta (B) Ursae Majoris 24, 238 
Beta (B) Ursae Minoris 229 


~ Betelgeuse 10, 52, 124, 160, 276 


Big Bang 9, 148 
Big Dipper (Plough) 18, 19, 24, 35, 
238 
binary stars 82, 126, 247 
binoculars 52, 65 
types of 36-37. 
using 38-39 
BL Lacertae (BL Lac) 245 
Black Eye Galaxy (M64) 256 
black hole 125, 132, 133 
blazar 245 
Bode’s galaxy 238, 239 
Bonneville Crater 92 
Bootes 172, 178, 184, 241 
Bopp, Tom 25 
Boyle, Robert 282 
brightness (magnitude) 26-27 
brightest stars of constellations 
228 
brightest stars viewed from 
Earth 331 
Brocchi's Cluster 268 
Butterfly Cluster 134 


¢ 


C/1995 01 25 

cables, telescope 47 
Cacciatore, Niccolo 269 
Caelum 296 

Callisto 96 

Caloris Basin 86 
Camelopardalis 235 
camera 54-57 

Cancer (constellation) 21, 254 
Cancer, Tropic of 20 
Canes Venatici 240 

Canis Major 154, 160, 275 
Canis Minor 154, 160, 278 
Canopus 304 

Capella 236 

Capricorn, Tropic of 20 
Capricornids 330 
Capricornus 21, 202, 291 
Carina 304 


Carina Nebula (NGC 3372) 130, 173, 


304 
Carina-Sagittarius Arm, Milky Way 
138 
Cassini-Huygens mission 98, 99 
Cassiopeia 208, 234 
Castor 160, 251 
catadioptric telescope 41, 45, 56 
Cat's Eye Nebula 230, 231 
CCD camera 56 


celestial coordinates 17, 43, 49 
celestial equator 16, 17, 43 
planet-locator charts 152 
celestial meridian 17 
celestial motions 22-23 
celestial poles 16, 17, 22, 32, 43, 46 
constellations 228 
monthly sky charts 153 
celestial sphere 16-17, 18, 19, 21, 
23 
constellations 228 
Centaurus 35, 178, 286-287 
Centaurus A (NGC 5128) 286 


* central hub of the Milky Way 138, 


139 
Cepheid variable stars 126, 232, 
233, 326 
Cepheus 232-233 
Ceres 13, 62-63, 107, 114, 115, 329 
Cetus 214, 274 
Chamaeleon 324 
charge-coupled device (CCD) 
camera 56 
Charles | of England, King 240 
Charon 13 
chromatic aberration 40, 41 
chromosphere, Sun 67 
Cigar Galaxy (M82) 145 
Circinus 307 
Circlet 273 
Clavius Crater 76, 78 
clothing for observing 30 
clusters, 
galaxy 8, 146-147 
Star 14, 134-137, 332-333 
CMB (Cosmic Microwave 
Background) 148, 149 
CMEs (coronal mass ejections) 68, 
69 
Coalsack Nebula 129, 305, 306 
Coathanger 268 
Cockcroft Crater 76 
Columba 300 
coma 13 
comet 108-111 
telescope problem 41 
Coma Berenices 256 ; 
Coma Star Cluster (Melotte 111) 
256 
Comet, Halley’s 110 
Comet Hale-Bopp 25 
Comet Hartley 2 111 
Comet Holmes 111 
Comet Hyakutake 63, 110 
Comet McNaught 13, 111 
Comet Schwassmann- 
Wachmann 3 58 
Comet Shoemaker-Levy 9 110 
Comet Swift-Tuttle 111, 113 
Comet Wild 2 111 
comets 13, 63, 106, 108-111 
meteors and 113 
naming 25 
compact binoculars 36-37 
compass 30 
computer alignment, go-to 
telescope 50-51 
computer star charts 30 


conjunction 65 
constellations 18-19, 229-327 
monthly sky guides 154-225 
convective zone of the Sun 67 
coordinates 43, 49, 58-59 
go-to telescope 50-51 
Copernicus Crater 59, 74, 76, 78, 79 
Cor Caroli 240 
core, 
Jupiter 95 
the Moon 73 
the Sun 67 
corona 67, 68, 71, 85 
Corona Australis 311 
Corona Borealis 261 
coronal mass ejections (CMEs) 68, 
69 
corrector plate 41, 42 
Corvus 285 
Cosmic Microwave Background 
(CMB) 148, 149 
counterweight, telescope 47, 49 
Crab Nebula (M1) 24, 130, 252 
Crater 284 
craters (Moon) 78-79 
crescent Moon 74 
crust (Moon) 73 
Crux 14, 35, 178, 179, 305 
Cygnus 190, 244 
Cygnus Rift 140 


D 


Dabih 291 

dark adaptation (eyesight) 31 

dark energy 9 

dark matter 9, 147 

dark nebula 14, 129 

de Houtman, Frederick 306, 309, 
313, 314, 315, 316, 317, 321, 
322, 324, 325, 326 

de Lacaille, Nicolas Louis 282, 292, 
294, 295, 296, 302, 303, 307, 
308, 312, 318, 319, 320, 323, 
327 

DEC (declination) 17, 43, 47, 49 

December sky guide 220-225 

declination 17, 43,47, 49 

Deep Impact 111 

deep sky filter 53 

deep sky objects, 

constellations 228 
monthly sky charts 153 

degrees (measuring by hand) 34 

Deimos 92 

Delphinus 269 

Delta Aquarids 191, 330 

Delta (8) Apodis 325 

Delta (5) Cephei 232, 233 

Delta (5) Chamaeleontis 324 

Delta (8) Corvi285 

Delta (8) Crateris 284 

Delta (5) Gruis 314 

Delta (5) Pictoris 320 

Delta (5) Scuti 265 

Delta (8) Telescopii 312 

Deltoton 246 


Deneb 27, 190, 244 

diagonal, star 53 

diamond ring effect 85 

digiscoping 55 

digital camera 54-57 

digital image enhancement 57 

Dione 100 

Dipper, Big 18, 19, 24, 35, 238 

Dipper, Little 229 

distortion, atmospheric 33 

Dobsonian mount 42 

“Dog Star” 275 

Doppler Crater 76 

Dorado 321 

double binary stars 126 

Double Cluster 137, 220, 247 

Draco 230-231 

Draconids 230, 330 

drive controller, telescope 47 

Dubhe 238 

Dumbbell Nebula (M27) 55, 131, 
196, 268 

dust tail, comet 108-111 

dwarf planets 13, 106-107 

DX Cancri 127 


i 


Eagle Nebula 124, 263 
Earth 8, 26 
distance measurements 26 
observing 64-65 
orbital and physical properties 
328-329 
and the Solar System 62-63 
eclipse, 
lunar 82-83 
observing 84 
solar 21, 67, 84-85 
eclipsing binary star 126, 247 
ecliptic 16, 20, 21, 23 
planet-locator charts 152 
edge of visible Universe 27 
Eight-Burst Nebula (NGC 3132) 282 
Eite 279 
electromagnetic spectrum 149 
elliptical galaxy 142 
elongation 65, 87 
Embdanus, Petrus Theodorus 309 
emission, 
nebula 14, 128 
spectrum 148 
Enceladus 100 
energy, dark 9 
enhancement, digital 57 
Epsilon (€) Aurigae 236 
Epsilon (€) Bootis 241 
Epsilon (€) Equulei 270 
Epsilon (€) Eridani 127, 298 
Epsilon (€) Hydrae 280 
Epsilon (€) Indi 127, 313 
Epsilon (€) Lyrae 243 
Epsilon (€) Sagittarii 289 
Epsilon (€) Volantis 322 
equator, 
celestial 16, 17, 21, 43 
Earth 21, 22 


equatorial mount 43, 46-47, 51 
equinoctial points 16, 17 
equinox 20, 23 
Equuleus 270 
Eratosthenes Crater 76, 79 
Eridanus 298-299 
Eris 107 
Eros 63, 115, 117, 329 
Eskimo Nebula 251 
ESO 325-G004 142 » 
Eta Aquarids 178, 179, 272, 330 
Eta (1) Piscium 273 
Europa 96 
European Southern Observatory 
268 
expanding Universe 9, 26, 149 
exposure (photography) 54-57 
extrasolar planets 141, 271 
eyepiece 44, 45, 47, 50 
alignment 48-49 
filters 53 
focusing 38 
lenses of telescopes 40-41 
EZ Aquarii 127 


F 


f-number 44 
Fabricius, David 274 
facula, Sun 69 
False Cross 303 
Far 3 kiloparsec Arm of the Milky 
Way 138, 139 

February sky guide 160-165 
filament, 

solar 69 

Universe 8 
filter, 

eyepiece 53 

solar 70 
finder, red dot 47, 48, 49 
finderscope 44, 47, 48-49, 50, 51, 70 
fingers (for measuring) 34 
Flamsteed, John 24 
flashlight 30, 33 
focal length 44, 45 
focal point 44 
focal ratio 44 
focus, telescope 44 
focusing binoculars 38 
Fomalhaut 141, 293 
Fomalhaut b 141 
fork mount 42, 51 
formation of galaxies 142 
Fornax 295 
Fornax Cluster (NGC 1365) 295 
fusion, nuclear 66 


G 


Galactic Center 138, 139, 141 

galaxies 8, 15, 142-147 
active 133 
galaxy clusters 146-147 
table 335 

galaxy, Milky Way 138-141 


Galilean moons 96, 97 

Galileo (scientist) 40 

Galileo probe 117 

Galle ring 105 

gamma rays 133, 149 

Gamma (y) Andromedae 248 

Gamma (y) Aquilae 267 

Gamma (y) Arae 310 

Gamma (y) Arietis 250 

Gamma (y) Aurigae 236 

Gamma (y) Australis 311 

Gamma (y) Caeli 296 

Gamma (y) Cassiopeiae 234 

Gamma (y) Circini 307 

Gamma (y) Corvi 285 

Gamma (y) Crateris 284 

Gamma (y) Delphini 269 

Gamma (y) Leonis 257 

Gamma (y) Leporis 297 

Gamma (y) Microscopii 292 

Gamma (y) Normae 308 

Gamma (y) Octantis 327 

Gamma (y) Piscis Austrini 293 

Gamma (y) Sagittae 266 

Gamma (y) Trianguli Australis 309 

Gamma (y) Velorum 303 

Gamma (y) Volantis 322 

Ganymede 27, 96 

Garnet Star 232 

gas tail, comet 108-111 

Gaspra 116, 329 

gegenschein 121 

Gemini 21, 251 

Geminids 220, 251, 330 

geomagnetic pole 118, 119 

"Ghost of Jupiter” 280 

Giotto spacecraft 110 

GJ 1061 127 

Glascobinids 330 

Glenah 285 

Global Positioning System (GPS) 50 

globular star clusters 14, 134-137, 
139 

go-to telescope 42, 50-51 

Gomeisa 278 

GPS (Global Positioning System) 50 

Great Orion Nebula (M42) 39, 52, 
128, 130, 154, 276 

Great Red Spot 53, 96 

Great Rift 244, 266 

Great Square of Pegasus 208 

greenhouse effect on Venus 89 

Grimaldi Crater 76 

Groombridge 34 127 

Grus 314 

Gum Nebula 141 


H 


Hadley Rille 80 

Hale, Alan 25 
Hale-Bopp, Comet 25 
Halley, Edmond 110 
Halley's Comet 110 
halo, ice 120-121 
Hamal 250 

hand (for measuring) 34 


handset, go-to telescope 50-51 

Hartley 2, Comet 111 

Haumea 106, 107 

heliostat 71 

Helix Nebula (NGC 7293) 129, 272 

Hercules 184, 190, 242 

Herschel, William 102 

Hertzsprung Crater 76 

Hevelius, Johannes 237, 240, 245, 
255, 265, 268, 283, 297 

Hevelius's Sextant 283 


~ Holmes, Comet 111 


Hondius, Jodocus 322 

Hooke, Robert 250 

horizon 153 

Horologium 318 

Horsehead Nebula 129 

Houtman, Frederick de 306, 309, 
313; 014,315,316,.317, 021, 
322, 324, 325, 326 

Hubble Space Telescope 10, 107, 
141, 142, 143, 231, 259, 263, 
276, 325 

Hubble Ultra Deep Field 295 

Humboldt Crater 76, 79 

Hyabusa 117 

Hyades 14, 252 

Hyakutake, Comet 63, 110 

Hydra 13, 280-281 

Hydrus 317 

Hyperion 100 


lapetus 100 

IC (Index Catalog) numbers 24 
IC 10 146 

IC 1613 146 

IC 2391 (Southern Pleiades) 303 
IC 2602 (Southern Pleiades) 304 
ice caps on Mars 90, 93 

ice halo 120, 121 

Ida 13, 117, 329 

imaging with cameras 54-57 
impact craters on the Moon 78-79 
Index Catalog (IC) numbers 24 
Indus 313 

inferior conjunction 65 

inferior planet 65 

infrared 149 

International Space Station 120 
interstellar medium 14 

inverse square law (brightness) 27 
inverted sky 33 

10 96 

lota (t) Normae 308 

iron meteorite 113 

irregular galaxy 143 

Itokawa 117 

Izar 241 


J 


January sky guide 154-159 
Jewel Box Cluster (NGC 4755) 14, 
305 


July sky guide 190-195 
June Bootids 330 
June sky guide 184-189 
Juno 115 
Jupiter 12, 31, 50, 53, 94-97, 115 
Great Red Spot 96 
monthly sky guides 152-225 
moons 39 
orbital and physical properties 
328-329 
rings 96 
sketch of 59 
and the Solar System 62-63 


K 


Kappa (K) Pavonis 326 

KBO (Kuiper Belt Object) 107 

Keck Observatory 103 

Kemble's Cascade 235 

Kepler Crater 76 

Kepler space telescope 141 

Keyser, Pieter Dirkszoon 306, 309, 
313, 314, 315, 316, 317, 321, 
322, 324, 325, 326 

Keystone 242 

“Kids, the” 236 

Kitalpha 270 

Kochab 229 

Kohlschutter Crater 76 

Kuiper Belt 13, 26, 62-63, 106-107, 
109 

Kuiper Belt Object (KBO) 107 


E 


L Puppis 302 

La Silla Obervatory 287 

Lacaille, Nicolas Louis de 282, 292, 
294, 295, 296, 302, 303, 307, 
308, 312, 318, 319, 320, 323, 327 

Lacaille 9352 127 

Lacerta 245 

Lagoon Nebula (M8) 128, 131, 197, 
289 

Lalande 21185 127 

Lambda (A) Arietis 250 

Large Magellanic Cloud (LMC) 15, 
145, 146, 208, 321 

Lassell ring 105 

latitude 17, 33, 43, 49 

monthly sky charts 153 
visible constellations 228 

Le Verrier ring 105 

Leavitt, Henrietta Swan 233 

lenticular galaxy 142 

Leo 13, 19, 21, 166, 172, 257 

Leo A 146 

Leo | 146 

Leo Il 146 

Leo Minor 255 

Leonids 13, 214, 330 

Lepus 297 

LGS 3 146 

Libra 21, 260 

libration of the Moon 73 


light pollution 32-33, 53 

light-year 8, 26-27 

Little Dipper 229 : 

LMC (Large Magellanic Cloud) 15, 
145, 146, 208, 321 

Local Bubble 141 

Local Group 146, 246 

location (observing) 32 

logbook 58-59 

long-period comet 109 

longitude, 

celestial coordinates 17 
Earth 33, 43 

LRO (Lunar Reconnaissance 
Orbiter) 75 

Luna 3 75 

Luna 9 75 

lunar eclipse 82-83 

lunar motions 23 

Lunar Orbiters 75 

Lunar Reconnaissance Orbiter 
(LRO) 75 

Lupus 288 

Lutetia 117 

Luyten 726-8 127 

Luyten’s Star 127 

Lynx 237 

Lyra 243 

Lyrids 172, 243, 330 


M 


M (Messier) objects 24 
table of 336-337 

M1 (Crab Nebula) 24, 130, 252 

M2 272 

M3 240 

M4 290 

M5 262 

M6 134, 185, 290 

M7 185 

Mé (Lagoon Nebula) 128, 131, 197, 
289 

M11 (Wild Duck Cluster) 265 

M13 14, 39, 242 

M15 14,271 

M16 262, 263 

M22 39, 136, 289 

M27 (Dumbbell Nebula) 55, 131, 
196, 268 

M30 291 

M31 (Andromeda Galaxy) 15, 27, 
39, 144, 146, 208, 248, 249 

M32 144, 146 

M33 (Triangulum Galaxy) 39, 145, 
146, 246 

M35 251 

M36 236 

M37 236 

M38 236 

M41 155, 275 

M42 (Great Orion Nebula) 39, 52, 
128, 130, 154, 276 

M44 (Beehive Cluster, Praesepe) 
135, 136, 254 

M45 (Pleiades Cluster) 14, 24, 36, 
39, 128, 135, 137, 252, 253 


M47 302 
M48 280 
MSO 279 
M51 (Whirlpool Galaxy) 144, 240 
M52 234 
M53 256 
MS7 131, 243 
M64 (Black Eye Galaxy) 256 
M71 266 
M74 273 
M81 238 
M82 (Cigar Galaxy) 145 
M83 (Southern Pinwheel) 15, 280, 
281 
M87 258 
M104 (Sombrero Galaxy) 24, 258, 
259 
M110 144, 146 
Magellan, Ferdinand 316, 321 
Magellanic Cloud, 
Large (LMC) 15, 145, 146, 208, 
321 
Small (SMC) 145, 146, 203, 208, 
233, 316 
magnetic field, 
Earth 119 
Jupiter 94 
the Sun 67, 68 
magnetosphere (Earth) 119 
magnification 45 
binoculars 36-37 
telescope 44-45 
magnitude 26-27, 228 
table of 331 
Main Belt 13, 107, 114, 115, 116, 
117 
and the Solar System 62-63 
main-sequence star 125 
Makemake 106, 107 
mantle (Moon) 73 
mapping the Moon 75 
March sky guide 166-171 
mare (lunar “sea”) 74, 77 
Mare Crisium 76, 77 
Mare Fecunditatis 76 
Mare Frigoris 76 
Mare Humorum 76 
Mare Imbrium 76, 77, 79, 80, 81 
Mare Ingenii 76 
Mare Moscoviense 76 
Mare Nectatis 76 
Mare Nubium 81 
Mare Serenitatis 77 
Mare Tranquillitatis 76, 77, 80 
Mare Vaporum 76 
Markab 271 
Markarian, B. E. 259 
Markarian’s Chain 259 
Mars 12, 23, 31, 53, 90-93 
monthly sky guides 152-225 
observing 64-65 
orbital and physical properties 
328-329 
and the Solar System 62-63 
mass ejection 118 
mass-energy 9 
Mathilde 25, 116 
matter, dark 9 


May sky guide 178-183 
McNaught, Comet 13, 111 
Meathook Galaxy (NGC 2442) 322 
Melotte 111 (Coma Star Cluster) 256 
Mensa 323 
Merak 24, 238 
Mercator, Gerardus 256 J 
Mercury 12, 86-87 
monthly sky guides 152-225 
observing 64-65 
orbital and physical properties 
328-329 
and the Solar System 62-63 
meridian, celestial 17 
Mesartim 250 
Messier, Charles 24 
Messier (M) objects 24 
table of 336-337 
meteor showers 113 
table of annual 330 
meteor train 113 
meteorite 112-113 
meteoroid 11, 112-113 
meteor 13, 108, 112-113, 120 
methane 91, 102 
Metis 96 
Mice galaxies 143 
Microscopium 292 
microwaves 149 
Milky Way 8, 11, 14, 15, 138-141 
constellations 228 
distance measurement 27 
observing 39 
and star clusters 135 
Mimas 100 
Mira 214, 274 
Miranda 12, 103 
Mirphak 247 
mirrors (telescope) 40-41 
Mirzam 275 
Mizar 238 
Monoceros 279 
Mons Huygens 80 
Montes Alpes 81 
Montes Apenninus 76, 77, 79, 80 
Montes Carpatus 74, 77, 80 
Montes Jura 77, 81 
montes (mountains), Moon 80 
monthly sky guides 152 
April 172-177 
August 196-201 
December 220-225 
February 160-165 
January 154-159 
July 190-195 
June 184-189 
March 166-171 
May 178-183 
November 214-219 
October 208-213 
September 202-207 
Moon, the 11, 72-81 
brightness 27 
distance from Earth 26 
ecliptic plane 21 
impact craters 78-79 
maria 74, 77 
motions of 23 


observing 39, 64-65, 74 
orbit of 11 
phases of 74 
rilles 80 
“seas” 74,77 
sketching 59 
surface features 39, 76-81 
valleys 81 
and Venus 12 
zodiac 31 
moon dog 121 
moons of planets 12, 39 
see also individual moon/planet 
names 
motion, 
celestial 22-23 
retrograde 23, 65, 91 
motor drive, telescope 41, 43, 
46-47, 50 
motorized mount and photography 
54-55 
mount, 
alt-az 42, 43, 51 
for binoculars 39, 42-43 
equatorial 43, 46-47, 51 
telescope 40, 42-43, 46-47, 50, 51 
mountains on-the Moon 80 
Mu (1) Cephei 232, 233 
Mu (4) Librae 260 
Mu (4) Lupi 288 
multiple stars 126, 127 
table of 334 
Musca 306 


N 


naked eye observation 30, 31 
Naos 302 
navigating the sky with binoculars 
38 
Near 3 kiloparsec Arm (Milky Way) 
139 
NEAR Shoemaker probe 117 
near-Earth asteroid 115, 117 
nebulae 14, 128-131 
table of 334-335 
Neptune 12, 104-105 
monthly sky guides 152-225 
observing 64-65 
orbit and physical properties 
328-329 
planet-locator charts 152 
and the Solar System 62-63 
Nereid 104 
neutron star 125, 132, 133 
New General Catalog (NGC) 
numbers 24 
New Horizons 106 
NGC (New General Catalog) 
numbers 24 
NGC 55 294 
NGC 104 (47 Tucanae) 14, 136, 203, 
316 
NGC 147 146 
NGC 185 146 
NGC 253 294 
NGC 288 294 


NGC 869 137, 220, 247, 39 
NGC 884 39, 137, 220, 247 
NGC 1097 295 

NGC 1261 318 

NGC 1300 299 

NGC 1313 319 

NGC 1316 295 

NGC 1365 (Fornax Cluster) 295 
NGC 1427A 143 

NGC 1502 235 

NGC 1792 300 


“NGC 1851 300 


NGC 2017 297 

NGC 2070 (Tarantula Nebula) 321 

NGC 2244 279 

NGC 2362 275 

NGC 2392 251 

NGC 2403 235 

NGC 2419 237 

NGC 2442 (Meathook Galaxy) 322 

NGC 2613 301 

NGC 3109 146 

NGC 3115 (Spindle Galaxy) 283 

NGC 3132 (Eight-Burst Nebula) 282 

NGC 3195 324 

NGC 3201 303 

NGC 3242 280 

NGC 3344 255 

NGC 3372 (Carina Nebula) 130, 173, 
304 

NGC 3981 284 

NGC 4038 and 4039 (Antennae 
Galaxies) 285 

NGC 4755 (Jewel Box Cluster) 14, 
305 

NGC 4833 306 

NGC 5128 (Centaurus A) 286 

NGC 5139 (Omega (a) Centauri) 14, 
39, 134, 137, 286, 287 

NGC 5315 307 

NGC 5822 288 

NGC 5866 142 

NGC 6025 309 

NGC 6067 308 

NGC 6087 308 

NGC 6101 325 

NGC 6188 310 

NGC 6193 310 

NGC 6397 310 

NGC 6541 311 

NGC 6543 230 

NGC 6584 312 

NGC 6709 267 

NGC 6744 326 

NGC 6752 326 

NGC 6822 146 

NGC 6925 292 

NGC 6992 244 

NGC 7009 (Saturn Nebula) 272 

NGC 7205 313 

NGC 7243 245 

NGC 7293 (Helix Nebula) 129, 272 

NGC 7582 314 

NGC 7662 249 

“night glow” (Venus) 119 

Nix 13 

noctilucent clouds 120, 121 

Norma 308 


north celestial pole 22, 228 
North Pole (Earth) 16, 22 
Northern Lights 118-119 
November sky guide 214-219 
Nu (v) Draconis 230 

nuclear fusion 10, 12, 66, 125 
nucleus, comet 108-111 


O 


Oberon 12, 103 
objective 44 
objective lens 44 

binoculars 36 

telescopes 40-41 
objective mirror 40-41, 44 
observable Universe 9 
observatories 71 
observing, 

asteroids 115 

aurorae 119 

binoculars 38-39, 65 

Jupiter 64, 65, 97 

Mars 64, 65, 93 

Mercury 64, 65, 87 

meteor showers 113 

Milky Way 140 

the Moon 65, 74 

Neptune 64, 65, 105 

planets 64-65 

and recordkeeping 58-59 

Saturn 64, 65, 101 

solar eclipse 84 

star clusters 135 

the Sun 70-71 

telescopes 52-53, 65 

tools and techniques 30-59 

Uranus 64, 65, 103 

Venus 64, 65, 89 
occultation 82 
Oceanus Procellarum 76 
Octans 327 
October sky guide 208-213 
Olympus Mons 92 
Omega (@) Centauri (NGC 5139) 14, 

39, 134, 137, 286, 287 

Omicron (0) Ceti 274 
Omicron-2 (0?) Eridani 298 
Oort Cloud 8, 13, 26, 109 

and the Solar System 62-63 
open star cluster 14, 134-137 
Ophiuchus 21, 184, 190, 264 
opposition 65 
optical double star 126 
optics of telescopes 40-41, 44-45 
orbits, 

asteroids 115 

comets 108-111 

Earth 32 

Jupiter 95 

Mars 91 

Mercury 87 

the Moon 11, 73 

Neptune 105, 106 

Saturn 99 

Uranus 103 

Venus 89 


orientation (for observing) 34-35 

Orion 19, 32, 35, 52, 53, 113, 154, 
160, 220, 276-277 

Orion Association 141 

Orion Nebula 39, 52, 128, 130, 154, 
276 

Orion Shell 141 

Orion Spur of the Milky Way 139 

Orionids 113, 208, 330 

Outer Arm of the Milky Way 138 

overhead advantage 33 
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paddle 50 
Pallas 115 
Papin, Denis 282 
parallax 26 
parhelia 121 
parsec 26-27 
partial eclipse 83, 84-85 
path of totality 84 
Pavo 326 
Peacock 326 
Pegasus 14, 208, 271 
penumbra 68, 83, 84 
perigee (Moon) 73 
Perseids 111, 113, 196, 330 
Perseus 214, 247 
Perseus Arm of the Milky Way 138, 
139 
Petavius Crater 76 
Phact 300 
phases, 
the Moon 23, 74 
the planets 65 
Phobos 92 
Phoebe 100 
Phoenix 315 
Phoenix Dwarf 146 
photography of the night sky 54-57 
photons 67 
photosphere 10, 67, 68, 69 
Pi (x) Hydri 317 
Pictor 320 
piggy-back camera and telescope 
54,56 
Pillars of Creation 263 
pinhole viewing of eclipse 84 
Pinwheel Galaxy 143 
Pisces 21, 273 
Piscis Austrinus 293 
Piscis Austrinids 330 
Plancius, Petrus 235, 279, 300, 313, 
322 
plane, ecliptic 21 
planetarium software 50 
planetary nebula 14, 125, 129 
planetesimal 62 
planets 12, 86-105 
dwarf 13, 106-107 
Earth 63-63, 328-329 
extrasolar 141 
inferior 64, 65 
Jupiter 12, 31, 39, 50, 53, 59, 
62-63, 94-97, 115, 152-225, 
328-329 


Mars 12, 23, 31, 53, 62-65, 
90-93, 152-225, 328-329 
Mercury 12, 62-65, 86-87, 
152-225, 328-329 
Neptune 12, 62-65, 104-105, 
152-225, 328-329 
observing 64-65 
planet-locator charts 
Saturn 12, 26, 27, 62-65, 98-101, 
152-225, 328-329 
and the Solar System 62-63 
superior 64, 65 
Uranus 12, 27, 62-65, 102-103, 
152-225, 328-329 
Venus 12, 26, 27, 31, 62-65, 
88-89, 152-225, 328-329 
planisphere 30 
plasma 10, 66, 68, 69 
Plato Crater 76 
Pleiades Cluster (M45) 14, 24, 36, 
39, 128, 135, 137, 252, 253 
Plough see Big Dipper 
Pluto 13, 27, 106, 107 
and the Solar System 62-63 
polar alignment 49 
Polaris (Pole Star) 17, 49, 229, 238 
polarscope 49 
Pole Star (Polaris) 17, 49, 229, 238 
poles, 
celestial 16, 17, 22, 32, 43, 46, 
153, 228 
Earth 16 
pollution, light 53 
Pollux 160, 251 
Porro-prism binoculars 37 
Praesepe (Beehive Cluster, M44) 
135, 136, 254 
precession 16, 17, 21 
prime-focus photography 55, 56 
prism (binoculars) 37 
Procyon 127, 160, 278 
prominence, solar 68, 70 
proper distance 26 
protoplanetary disk 62 
Proxima Centauri 127 
PSR 1919+21 268 
Ptolemy 18, 261, 269, 270, 278, 284, 
293, 310, 311 
Pulcherrima 241 
pulsar 133 
Puppis 302 
Pyxis 301 


Quadrantids 154, 241, 330 
quake, solar 69 
quasar 27, 133 


R 


R Caeli 296 

R Coronae Australis 311 
R Coronae Borealis 261 
R Leonis 257 

R Leonis Minoris 255 


R Leporis 297 
R Scuti 265 
RA (right ascension) 17, 43, 46-47, 
49 
radiant (meteor shower) 113 
radiative zone of the Sun 67 
radio waves 149 
Rasalgethi 242 
Rasalhague 264 
Rasalmothallah 246 
records, keeping 58-59 
red dot finder 47, 48-49 
see also finder, finderscope 
red dwarf 125, 127 
red giant 66, 125 
Red Planet (Mars) 63, 90 
redshift 147 
reflection nebula 14, 128 
reflector telescope 40, 41, 45, 
46-47 
refractor telescope 40, 41, 44 
Regor 303 
Regulus 257 
resolving power 45 
Reticulum 319 
retrograde motion 23, 65, 91 
retrograde spin 102 
Rhea 100 , 
Rho (p) Cassiopeiae 234 
Rho (p) Ophiuchi 264 
Rigel 127, 276 
right ascension (RA) 17, 43, 46-47, 
49 
Rigil Kentaurus 286 
rilles (Moon) 80 
Ring Nebula 131, 196, 243 
ring systems, planetary 12 
Jupiter 96 
Neptune 104, 105 
Saturn 98, 99, 101 
Uranus 102-103 
roof-prism binoculars 37 
Rosetta probe 117 
ROSS 128 127 
Ross 154 127 
Ross 248 127 
Rotanev 269 
rupes (Moon) 80 
Rupes Recta 81 


S 


S Normae 308 
S Sagittae 266 
SagDIG 146 
Sagitta 266 
Sagittarius 10, 21, 196, 289 
Sagittarius Dwarf Galaxy 138 
Saturn 12, 26, 27, 98-101 
monthly sky guides 152-225 
observing 64-65 
orbital and physical properties 
328-329 
and the Solar System 62-63 
Saturn Nebula (NGC 7009) 272 
Scheat 271 
Schroter’s Valley 81 


Schwassmann-Wachmann 3, 
Comet 58 
Scorpion 185 
Scorpius 21, 290 
Scorpius-Centaurus Association 141 
Scorpius-Centaurus shells 141 
Sculptor 294 
Scutum 265 
Scutum Arm of the Milky Way 138 
Scutum-Crux-Centaurus Arm of 
the Milky Way 139 
SDO 71 
“seas” of the Moon 77 
seasons, 
Earth 20 
Mars 90, 91 
“seeing” when observing 33 
September sky guide 202-207 
Serpens 262-263 
setting scales 49 
Seven Sisters star cluster 137, 253 
Sextans 283 
Sextans A 146 
Sextans B 146 
Sextant, Hevellus’s 283 
shadows and eclipses 83, 84 
Sham 266 
Shoemaker-Levy 9, Comet 110 
shooting star 13, 112-113, 120 
short-period comet 109, 110 
Sickle 19, 167 
Sigma (c) Octantis 327 
signs of the zodiac 21 
single-apparition comet 111 
single lens reflex (SLR) camera 
54-57 
Sinus Iridum 76, 81 
Sirius 27, 32, 127, 160, 275 
size (measuring by hand) 34 
sketching for record-keeping 58-59 
sky guides 152-153 
April 172-177 
August 196-201 
December 220-225 
February 160-165 
January 154-159 
July 190-195 
June 184-189 
March 166-171 
May 178-183 
November 214-219 
October 208-213 
September 202-207 
Sloan Great Wall 147 
SLR (single lens reflex) camera 
54-57 
Small Magellanic Cloud (SMC) 145, 
146, 203, 208, 233, 316 
SN2011DH supernova 132 
Sobieski’s Shield 265 
SOHO 71 
Solar and Heliospheric Observatory 
(SOHO) 71 
solar cycle 68 
Solar Dynamics Observatory 71 
solar eclipse 21, 67, 82, 84-85 
solar filament 69 
solar filter 70 


solar flare 68 

solar maximum 68, 69 

solar minimum 68 

solar observatory 71 

Solar System 8, 21, 25, 62-63, 139 
solar phenomena 68-69 

solar prominence 70 

solar quake 69 

solar telescope 59, 70-71 

solar wind 13, 66, 67, 68, 118-119 
solstice 17, 20, 23 


~ Sombrero Galaxy (M104) 24, 258, 


259 
south celestial pole 228 
South Pole (Earth) 16, 22 
South Pole-Aitken Basin 76 
Southern Cross 179, 305 
Southern Lights 118-119 
Southern Pinwheel (M83) 15, 280, 
281 
Southern Pleiades (IC 2391) 303 
Southern Pleiades (IC 2602) 304 
Southern Ring Nebula 282 
Southern Triangle 309 
spectroscopy 148 
spectrum, star 125, 148 
sphere, celestial 16-17, 18, 19, 21, 
23 
Spica 258 
spicule (Sun) 69 
spin, retrograde 102 
Spindle Galaxy (NGC 3115) 283 
spiral galaxy 143 
Spirit rover 12, 92 
Spitzer Space Telescope 101, 137 
standard binoculars 36-37 
standard constellations 18 
star chart 30 
star clusters14, 134-137 
star diagonal 53 
“star-hopping” 34-35 
star party 31 
Star trails 54 
Stardust 111 
stars 10, 124-127 
brightest in constellations 228 
brightest viewed from Earth 331 
closest to Earth 126, 127, 332 
clusters 332-333 
formation of 124-125 
monthly sky guides 154-225 
multiple 334 
naming 24 
shooting 112-123 
sizes 124 
variable 333 
stellar masses 124 
stony-iron meteorite 113 
stony meteorite 113 
Straight Wall 81 
Struve 239B 127 
Sualocin 269 
Summer Triangle 190, 243, 267 
Sun 10, 26, 27, 66-71 
observing 70-71 
and the Solar System 62-63 
solar telescope 59, 70-71 
sun dog 121 


sunspot 68, 70 
supercluster of galaxies 8, 146, 
149 

supergiant star 125, 132 

superior conjunction 65 

superior planet 65 

supermassive black hole 133. 

supernova 15, 53, 125, 129, 132 
Crab Nebula 130 

Supernova 1987A 15 

supporting binoculars 39 

Swift 133 

Swift-Tuttle, Comet 111, 113 


* synchronous motion 11, 73 


Syrtis Major Planum 93 


1 


T Coronae Borealis 261 
T Pyxidis 301 
tails, comet 108-111 
Tarantula Nebula (NGC 2070) 321 
Tarazed 267 
Tau (T) BoOtis 241 
Tau (t) Ceti 127, 274 
Taurids 214, 252, 330 
Taurus 21, 220, 252-253 
Teapot 289 
Teegarden’s Star 127 
Teide Solar Observatory 71 
telephoto lens 54-57 
telescopes 31, 40-53 
aligning 48-49 
and cameras 54-57 
catadioptric 41, 45, 56 
go-to 50-51 
observation 52-53, 65 
reflector 40, 41, 45, 46-47 
refractor 40, 41, 44 
solar 59, 70-71 
setting up 46-47 
Telescopium 312 
Terminator (Moon) 59, 74 
Tethys 100 
Thales of Miletus 229 
Theta (8) Antliae 282 
Theta (8) Apodis 325 
Theta (8) Circini 307 
Theta (8) Microscopii 292 
Theta (8) Muscae 306 
Thuban 230 
tilt of Earth's axis 16, 20 
Titan 98, 100 
Titania 12, 103 
Tombaugh, Clyde 107 
total eclipse 67, 83, 84-85 
Toutatis 115, 117, 329 
tracking with telescopes 43 
transit 82 
transition region (Sun) 67 
“transparency” (when observing) 
33 
Trapezium 52, 130 
Triangulum 246 
Triangulum Australe 309 
Triangulum Galaxy (M33) 39, 145, 
146, 246 


tripod 40, 46, 51, 54-57 
Triton 104 
Trojan asteroids 63, 115 
Tropic of Cancer 20 
Tropic of Capricorn 20 
Tsiolkovsky Crater 76 
tube assembly (telescope) 40, 45, 
47 
Tucana 203, 316 
Tucana Dwarf 146 
Tycho Crater 74, 76, 79 
type ll supernova 132 


U 


U Microscopii 292 

ultraviolet 149 

Ulysses 110 

umbra 68, 83, 84 

Umbriel 12, 103 

Unicorn 279 

unit, astronomical (AU) 26-27 

Universe 8-9, 147, 148-149 
origins of 9 
visible edge of 27 

Unukalhai 262 

Uranographia 255, 309, 314, 324 

Uranus 12, 27, 102-103 
monthly sky guides 152-225 
observing 64-65 
orbital and physical properties 

328-329 

planet-locator charts 152 
and the Solar System 62-63 

Ursa Major 18, 19, 35, 172, 178, 

238-239 


Ursa Major | 146 
Ursa Major Il 146 
Ursa Minor 229, 231 
Ursids 330 


V 


Valles Marineris 92 

valleys (Moon) 81 

Vallis Alpes 81 

van Allen belts 119 

variable stars 126, 127, 274 
table of 333 

Vega 17, 27, 190, 243 

Veil Nebula 53, 129, 244 

Vela 303 

Vela Supernova Remnant 141 

Venator, Nicolaus 269 

Venus 12; 26, 27, 31, 88-89 
monthly sky guides 152-225 
observing 64-65 
orbital and physical properties 

328-329 

and the Solar System 62-63 

vernal equinoctial point 17 

Vesta 27, 115, 116, 329 

Virginids 330 

Virgo 21, 166, 172, 178, 

258-259 

Virgo Galaxy Cluster 27, 146 

visible region 17 

Volans 322 

Voyager 1 59 

Voyager 2 102, 103, 104, 105 

Vulpecula 268 

W Hydri 317 


W 


water (on Mars) 90, 92 
Wazn 300 

webcam 57 

Whirlpool Galaxy (M51) 144, 240 
white dwarf 125, 127 

white main star 127 

Wild 2, Comet 111 

Wild Duck Cluster (M11) 265 
Winter Triangle 160 

WLM 146 

Wolf 359 127 

Wolf-Rayet stars 303 


eY. 


X-rays 149 
yellow main star 127 
YZ ceti 127 


vi 


Zenith 153 
Zeta (C) Aurigae 236 
Zeta (C) Phoenicis 315 
Zeta (C) Puppis 302 
Zeta (C) Reticuli 319 
Zeta (C) Ursae Majoris 238 
Zodiac 20, 21, 31 
zodiacal light 120, 121 
zones, 

of Jupiter 97 

of the Sun 67 
Zubeneigenubi 260 
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